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Original Articl≥

ABSTRACT

In or≤≥r to ≥valuat≥ an≤ compar≥ th≥ 
prop≥rti≥s of typ≥ traits in Khuz≥stani an≤ Az≥ri 
riv≥r buffalo≥s, ı48 an≤ ″″6 Khuz≥stani an≤ Az≥ri 
buffalo≥s w≥r≥ us≥≤, r≥sp≥ctiv≥ly. Animals w≥r≥ 
≥valuat≥≤ for traits such as H≥ight at With≥rs, 
Bo≤y ≤≥pth, Bo≤y l≥ngth, H≥art girth, Hip wi≤th, 
Pin wi≤th an≤ Hip to Pin l≥ngth. Th≥ av≥rag≥s for 
th≥s≥ traits in Khuz≥stani br≥≥≤ w≥r≥ ı45.′α6.6″, 
78.′7α5.4″, ı4İ.5αıİ.İ5, ′İ8.87αı″.75, 57α4.44, 
′5.′9α″.İ″ an≤ 44α′.97 cm an≤ in Az≥ri br≥≥≤ 
w≥r≥ ı″8.9″α6.″9, 76.4α5.6ı, ı″6.′′αıİ.İ5, 
ı84αı″.66, 54.96α4.85, ′6.4″α″.94 an≤ 4″.8α″.44 
cm, r≥sp≥ctiv≥ly. Th≥ ≥ff≥ct of br≥≥≤ on h≥ight 
at with≥rs, h≥art girth an≤ hip wi≤th was quit≥ 
signiicant (P<İ.İİı) an≤ valu≥s for th≥s≥ traits in 
Khuz≥stani br≥≥≤ was high≥r than Az≥ri. Th≥ ≥ff≥ct 
of parity numb≥r for all stu≤i≥≤ traits was signiicant 
(P<İ.İİı), ≥xc≥pt for th≥ h≥art girth. H≥if≥rs ha≤ 
th≥ low≥st valu≥s among ≤iff≥r≥nt ag≥ groups an≤ 
≤iff≥r≥nc≥s in this group incr≥as≥≤ with incr≥asing 
ag≥ an≤ parity. Also, th≥ ≥ff≥cts of provinc≥ as a 
factor for climat≥ an≤ cultur≥ circumstanc≥s on 
stu≤i≥≤  traits  was  quit≥  signiicant  (P<İ.İİı), 
≥xc≥pt  for  th≥  h≥art  girth  an≤  hip  to  Pin  l≥ngth. 
Buffalo≥s in Guilan provinc≥ ha≤ low≥st an≤ 

buffalo≥s in Khuz≥stan an≤ K≥rmanshah provinc≥s 
ha≤ th≥ high≥st valu≥s.

K≥ywor≤s: Bubalus bubalis, buffalo, Az≥ri 
buffalo, Khuz≥stani buffalo, typ≥ traits, Karaj, Iran

INTRODUCTION

Buffalo population is scatt≥r≥≤ in ı′9 
countri≥s all ov≥r th≥ worl≤ whil≥ th≥y g≥n≥rally 
foun≤≥≤ in Asia an≤ only v≥ry f≥w of th≥m ar≥ in 
oth≥r contin≥nts (Iamartino ≥t al., ′İı7). About ı94 
million or 97% of buffalo≥s ar≥ locat≥≤ in Asia. 
In≤ia (57%) an≤ Pakistan (4″%) with ı49 million 
buffalo≥s hav≥ th≥ bigg≥st buffalo population an≤ 
th≥ir p≥opl≥’s lif≥ ar≥ strongly ≤≥p≥n≤≥≤ on wat≥r 
buffalo mor≥ than any oth≥r ≤om≥sticat≥≤ animals 
(Moa≥≥n-u≤-Din,  ′İı4).  Buffalo  milk  an≤  m≥at 
plays a vital rol≥ in th≥ ≥conomy an≤ th≥ h≥alth 
of p≥opl≥ in ≤iff≥r≥nt countri≥s an≤ accor≤ing to 
th≥  lat≥st  FAO  r≥port,  97  million  ton≥s  of  milk 
(ı′.9%)  an≤  ″.6  million  ton≥s  of  m≥at  (4.5%) 
which pro≤uc≥≤ all ov≥r th≥ worl≤ is b≥long≥≤ to 
buffalo≥s (FAO, ′İı″). 

In  ′5İİ  BC,  In≤o-Aryan  civilization 
was on≥ of th≥ a≤vanc≥≤ civilizations. Evi≤≥nc≥ 

MORPHOLOGICAL STUDY IN AZERI AND KHUZESTANI BUFFALOES OF IRAN

Java≤ Rahmaniniaı,*, Mah≤i Mokhb≥r′ an≤ Hoss≥in Mora≤i Shahrbabak″

ıD≥partm≥nt of Animal Br≥≥≤ing an≤ G≥n≥tics, Animal Sci≥nc≥ R≥s≥arch Institut≥ of Iran (ASRI), Karaj, 
Iran, *E-mail: J.Rahmaninia@ut.ac.ir
′D≥partm≥nt of Animal Sci≥nc≥, Faculty of Agricultural Sci≥nc≥, Urmia Univ≥rsity, Urmia, Iran
″D≥partm≥nt  of Animal  Sci≥nc≥,  Univ≥rsity  Coll≥g≥  of Agricultur≥  an≤  Natural  R≥sourc≥s,  Univ≥rsity  of 
T≥hran, Karaj, Iran 
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from this civilization has b≥≥n in≤icativ≥ of th≥ 
≥xist≥nc≥  of  ≤om≥stic  buffalo≥s  an≤  th≥  ≥xt≥nt  of 
th≥ir ≤istribution from th≥ Silk Roa≤ in th≥ East to 
th≥ M≥sopotamia in th≥ W≥st has b≥≥n i≤≥ntii≥≤. 
Dom≥sticat≥≤  buffalo≥s  w≥r≥  probably  rais≥≤ 
in Iran B≥for≥ Christ  (BC),  an≤  it  has  ≥v≥n  b≥≥n 
m≥ntion≥≤ that about 5″8 BC, th≥ br≥≥≤ing of 
buffalo≥s was common in P≥rsia. A bunch of royal 
can≥ for 9İİ to 75İ BC is availabl≥ at th≥ British 
Mus≥um,  which  archa≥ologists  b≥li≥v≥  that  it’s 
origin was Lor≥stan provinc≥. Th≥ imag≥ of thr≥≥ 
calv≥s an≤ thr≥≥ buffalo≥s is carv≥≤ on this stick. 
Accor≤ing to this ≤ocum≥nt, th≥ ≥xp≥rts a≤mitt≥≤ 
that buffalo≥s liv≥≤ in Iran from th≥ s≥v≥nth c≥ntury 
BC an≤ compl≥t≥ly a≤apt≥≤ to th≥ con≤itions of 
Iran’s climat≥ (Manzoor, ı994).

Unfortunat≥ly,  tr≥n≤s  b≥long  to  buffalo 
population in Iran in r≥c≥nt y≥ars hav≥ shown 
a  signiicant  r≥≤uction  from  ~5′″  thousan≤ 
in  ′İİ′  (Borgh≥s≥  an≤  Mazzi,  ′İİ5)  to  ~ı99 
thousan≤  in  ′İı′  (Anonymous,  ′İı′).  This 
r≥≤uction in Iran, lik≥ som≥ oth≥r countri≥s in th≥ 
worl≤ is b≥caus≥ of high pro≤ucing ≤airy cows 
r≥plac≥m≥nt inst≥a≤ of buffalo≥s, m≥chanization 
of agricultur≥ an≤ th≥ r≥≤uction of mark≥t ≤≥man≤ 
for  buffalo  pro≤ucts  (Borgh≥s≥  an≤  Mazzi, 
′İİ5).  Iran’s  buffalo  population  consists  of  thr≥≥ 
br≥≥≤s  known  as  Khuz≥stani,  Mazan≤arani  an≤ 
Az≥ri. Khuz≥stani br≥≥≤ is locat≥≤ in Khuz≥stan, 
Lor≥stan, K≥rmanshah, Ilam, Fars an≤ som≥ oth≥r 
n≥ighboring provinc≥s. Az≥ri br≥≥≤ is scatt≥r≥≤ 
in ≤iff≥r≥nt citi≥s of East Az≥rbaijan, W≥st 
Az≥rbaijan, Ar≤≥bil an≤ Guilan an≤ also is known 
as  Caucasus  br≥≥≤.  Mazan≤arani  (or  Caspian) 
br≥≥≤ is locat≥≤ in ≤iff≥r≥nt citi≥s of th≥ Caspian 
S≥a an≤ it’s population is in thir≤ plac≥ aft≥r Az≥ri 
an≤ Khuz≥stani br≥≥≤s. In som≥ r≥f≥r≥nc≥s, this 
br≥≥≤ is consi≤≥r≥≤ as a part of Az≥ri br≥≥≤.

Each Az≥ri,  Khuz≥stani  an≤  Mazan≤arani 

br≥≥≤’s population ar≥ about ı45 thousan≤ (7″%), 
5İ thousan≤ (′5%) an≤ four thousan≤ (′%) from th≥ 
total population of Iranian buffalo≥s (Anonymous, 
′İı′),  r≥sp≥ctiv≥ly.  Buffalo  pro≤uction  in  Iran  is 
mainly  for  its  milk  (′9″  thousan≤  tons,  which  is 
′.8% of all milk pro≤uc≥≤ in Iran) an≤ its m≥at (′4.7 
thousan≤ tons, which is ′.5% of all m≥at pro≤uc≥≤ 
in Iran) is in s≥con≤ conc≥rn (Anonymous, ′İıİ). 

Buffalo br≥≥≤ing in Iran is bas≥≤ on 
smallhol≤≥r farming syst≥ms with an av≥rag≥ 
numb≥r  of  iv≥  animals  in  most  h≥r≤s  (99%)  an≤ 
also a small numb≥r of h≥r≤s with b≥tw≥≥n ′İ 
to 5İ an≤ som≥ of th≥m ar≥ up to ″İİ buffalo≥s. 
Smallhol≤≥r’s  manag≥m≥nt  is  accor≤ing  to 
≥nvironm≥ntal opportuniti≥s, such as pastur≥, 
straw, shrubs an≤ fo≤≤≥r an≤ also is bas≥≤ on 
≥nvironm≥ntal con≤itions in which th≥y hol≤ 
th≥m.  Buffalo≥s  in  Khuz≥stan  ar≥  k≥pt  out≤oors 
throughout th≥ y≥ar, whil≥ in th≥ north w≥st of Iran, 
buffalo≥s  ar≥  k≥pt  in≤oors  in  autumn  an≤  wint≥r 
(Brogh≥s≥ an≤ Mazzi, ′İİ5).

Typ≥ traits ar≥ about th≥ shap≥ an≤ form 
of som≥ animal bo≤y compon≥nts which ar≥ 
physical an≤ visibl≥ an≤ ar≥ us≥≤ in th≥ appar≥nt 
ju≤gm≥nt  of  th≥  liv≥stock  to  b≥  plac≥≤  in  th≥ 
appropriat≥  classiication  (Trim-B≥rg≥r ≥t al., 
ı99′).  Th≥s≥  traits  ar≥  important  for  s≥l≥ction 
an≤  ≤≥cision-making  about  r≥pro≤uction  in  ≤airy 
cows (≤≥l Schn≥i≤≥r ≥t al., ′İİ″). Th≥s≥ traits ar≥ 
also ≥ff≥ctiv≥, ≤ir≥ctly an≤ in≤ir≥ctly, in ≤≥cision-
making  for  animal  r≥moval,  long≥vity  an≤  milk 
pro≤uction  (≤≥l  Schn≥i≤≥r ≥t al.,  ′İİ″)  b≥caus≥ 
of th≥ir r≥lation with pro≤uction traits (Kavan≤i ≥t 
al., ′İıı; Misztal ≥t al., ı99′). A buffalo br≥≥≤≥r 
shoul≤ b≥ abl≥ to ≥valuat≥ an≤ ju≤g≥ his animals 
an≤ cat≥goriz≥ th≥m accor≤ing to th≥ typ≥ for 
b≥tt≥r nutrition an≤ br≥≥≤ing an≤ to ov≥rcom≥ 
manag≥m≥nt probl≥ms (Trim-B≥rg≥r ≥t al., ı99′).

Many  ≥nvironm≥ntal  factors  aff≥ct  th≥ 
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bo≤y siz≥ an≤ bo≤y m≥asur≥m≥nts an≤ th≥s≥ ≥ff≥cts 
can mask th≥ tru≥ g≥n≥tic valu≥ of th≥s≥ animals. 
Obtaining mor≥ accurat≥ valu≥s for th≥s≥ traits can 
h≥lp to formulat≥ s≥l≥ction strat≥gi≥s to improv≥ 
th≥ yi≥l≤ of milk pro≤uction un≤≥r i≥l≤ con≤itions 
(Jav≥≤ ≥t al., ′İı″).

Norman an≤ Van Vl≥ck (ı97′) announc≥≤ 
that th≥ ≥ff≥ct of y≥ar on typ≥ traits was low an≤ 
contribution of th≥ y≥ar to typ≥ chang≥s was 
r≥port≥≤  to  b≥  ′  to  ″%  (Norman  an≤  Van-Vl≥ck, 
ı97′). Short ≥t al. (ı99′) r≥port≥≤ that th≥ ≥ff≥ct of 
month  was  signiicant  for  som≥  typ≥  traits  (Short 
≥t al., ı99′). Thompson ≥t al. (ı98ı) r≥port≥≤ that 
th≥ ≥ff≥ct of ag≥ on ıı traits from ı4 typ≥ traits 
was signiicant (Tompson ≥t al., ı98ı). Norman ≥t 
al. (ı978) also r≥port≥≤ that th≥ ≥ff≥ct of ag≥ was 
signiicant  for  all  typ≥  traits  in  th≥  J≥rs≥y  br≥≥≤ 
(Norman ≥t al.,  ı978).  Giv≥n  that  th≥  con≤itions 
in th≥ h≥r≤s such as raising syst≥ms, manag≥m≥nt, 
f≥≥≤ing syst≥ms an≤ ≥tc. ar≥ ≤iff≥r≥nt, th≥r≥for≥, 
h≥r≤  ≥ff≥ct  shoul≤  b≥  consi≤≥r≥≤  as  a  sp≥ciic 
≥nvironm≥ntal factor in our analysis. This ≥ff≥ct 
cannot b≥ s≥parat≥≤ from oth≥r ≥nvironm≥ntal 
≥ff≥cts  (Swalv≥,  ı995).  Norman ≥t al.  (ı978) 
≤≥clar≥≤ that th≥ importanc≥ of th≥ h≥r≤ ≥ff≥ct is 
mor≥ than th≥ y≥ar ≥ff≥ct an≤ th≥y r≥port≥≤ that th≥ 
≥ff≥ct of h≥r≤ on typ≥ traits w≥r≥ 9 to ı″% (Norman 
≥t al., ı978). Also, th≥ h≥r≤ ≥ff≥ct on all typ≥ traits 
announc≥≤ signiicant by Thompson ≥t al. (ı98ı); 
(Tompson ≥t al., ı98ı). 

It is most lik≥ly to hav≥ ≥rror in ≥valuation 
of typ≥ traits, b≥caus≥ this ≥valuation is oft≥n 
th≥or≥tical. Th≥r≥for≥, th≥ ≥valuator’s ≥ff≥ct on 
≥valuating  th≥s≥  traits  is  signiicant  (Short ≥t al., 
ı99′). Thompson ≥t al. (ı98ı) announc≥≤ that th≥ 
≥ff≥ct of th≥ ≥valuator on all stu≤i≥≤ typ≥ traits 
was  signiicant  (Thompson ≥t al.,  ı98ı).  Vinston 
≥t al.  (ı98′)  r≥port≥≤  that  th≥  contribution  of  th≥ 
≥valuator to th≥ varianc≥ of ≤iff≥r≥nt traits was İ.7 

to İ.5 (Vinson ≥t al., ı98′). Th≥ inal scor≥ for typ≥ 
traits at th≥ b≥ginning an≤ th≥ ≥n≤ of th≥ lactation 
p≥rio≤  hav≥  b≥≥n  r≥port≥≤  high≥r  than  mi≤-
lactation. At th≥ ≥n≤ of th≥ lactation p≥rio≤, th≥ 
lactation has a low≥r scor≥ an≤ th≥ bo≤y capacity 
g≥ts mor≥ points (Warwick, ı979). Norman ≥t al. 
(ı978)  ≤≥scrib≥≤  that  th≥  ≥ff≥ct  of  lactation  stag≥ 
on  typ≥  traits  in  J≥rs≥y  br≥≥≤  (≥xclu≤ing  bo≤y 
capacity  an≤  ≤airy  charact≥r)  was  insigniicant 
(Norman ≥t al., ı978). Thompson ≥t al. (ı98ı) also 
stat≥≤ that typ≥ charact≥ristics associat≥≤ with bo≤y 
w≥ight  (str≥ngth  an≤  ≤airy  charact≥r,  for≥  u≤≤≥r 
attachm≥nt,  U≤≤≥r  ≤≥pth)  ar≥  mor≥  lik≥ly  to  b≥ 
aff≥ct≥≤ by th≥ stag≥ of lactation (Thompson ≥t al., 
ı98ı). Oth≥r factors such as br≥≥≤, r≥gion (Shankar 
an≤  Man≤al,  ′İıİ;  Mora≤i-Shahrbabak,  ı997; 
Van≤≥r Warf an≤ Scha≥ff≥r, ı997), s≥x (Kayastha 
≥t al., ′İıı) an≤ parity (as a m≥asur≥ of ag≥) (Jav≥≤ 
≥t al., ′İı″; Shankar an≤ Man≤al, ′İıİ) hav≥ b≥≥n 
statistically  signiicant  ≥ff≥ct  on  typ≥  traits,  bo≤y 
m≥asur≥m≥nts an≤ bo≤y w≥ight. Of cours≥, ≤u≥ 
to  th≥  v≥ry  high  impact  of  s≥x  ≥ff≥ct  on  physical 
m≥asur≥m≥nts,  information  about  ≤iff≥r≥nt  s≥x≥s 
is r≥port≥≤ s≥parat≥ly (Borgh≥s≥ an≤ Mazzi, ′İİ5). 
Th≥ aim of this stu≤y is to ≥valuat≥ an≤ compar≥ 
som≥ typ≥ charact≥ristics in Az≥ri an≤ Khuz≥stani 
buffalo≥s an≤ also to inv≥stigat≥ th≥ ≥ff≥cts of 
g≥notyp≥ (br≥≥≤), parity an≤ calving ag≥ on th≥s≥ 
traits.

MATERIALS AND METHODS

In  this  stu≤y,  484  buffalo≥s  (ı48 
Khuz≥stani  an≤  ″″6  Az≥ri  buffalo≥s)  from  ı6ı 
h≥r≤s with p≥≤igr≥≥ an≤ un≤≥r r≥cor≤ing syst≥m of 
Iranian Animal Br≥≥≤ing C≥nt≥r (ABC) w≥r≥ us≥≤. 
Az≥ri buffalo sampl≥s w≥r≥ pr≥par≥≤ from East 
Az≥rbaijan, W≥st Az≥rbaijan, Ar≤≥bil an≤ Guilan 
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provinc≥s an≤ Khuz≥stani≥s sampl≥s w≥r≥ gath≥r≥≤ 
from Khuz≥stan an≤ K≥rmanshah provinc≥s. 
W≥ pr≥f≥r to ≤≥t≥rmin≥ sampl≥s with th≥ low≥st 
r≥lationship an≤ high≥st vari≥ty for our ≤ata s≥t. 
Th≥ animals w≥r≥ ≥valuat≥≤ for h≥ight at with≥rs, 
bo≤y ≤≥pth, bo≤y l≥ngth, h≥art girth, hip wi≤th, pin 
wi≤th an≤ hip to pin l≥ngth (Figur≥ ı).

Prior to statistical analysis, ≤≥scriptiv≥ 
statistics for ≥ach trait w≥r≥ ≤≥t≥rmin≥≤ an≤ th≥ 
normality t≥st was p≥rform≥≤ to th≥ ≤ata for ≥ach 
trait an≤ for ≤iff≥r≥nt provinc≥s s≥parat≥ly using 
Xlstat softwar≥. Each of th≥ traits in th≥ stu≤y for 
at  l≥ast  on≥  of  th≥  normality  t≥sts  (Shapiro-Wilk, 
An≤≥rson-Darling,  Lilli≥fors  an≤  Jarqu≥-B≥ra) 
w≥r≥ non-signiicant an≤ th≥ ≤ata w≥r≥ normal or 
n≥ar normal. Th≥ statistical mo≤≥l to analyz≥ th≥ 
≤ata was

wh≥r≥,
     = Th≥ valu≥ of kth in≤ivi≤ual un≤≥r ith 
br≥≥≤ group, jth ag≥, lth provinc≥.
   µ = Total m≥an.
   Gi = ≥ff≥ct of ith br≥≥≤ (I = ı, ′).
   Aj = ≥ff≥ct of jth ag≥ (j = ″-′İ).
   Shl = ≥ff≥ct of lth provinc≥ (l = ı-6).
   ij≥= R≥si≤ual ≥ff≥ct or th≥ ran≤om ≥rror.

All ≥ff≥cts inclu≤≥≤ in th≥ mo≤≥l ar≥ 
consi≤≥r≥≤ as ix≥≤ ≥ff≥cts. Sinc≥ a s≥ri≥s of factors 
such as s≥x, ≥valuator an≤ ≥valuation tim≥ ≥ff≥cts 
w≥r≥ similar for all animals, th≥r≥for≥ th≥y w≥r≥ 
not inclu≤≥≤ in th≥ mo≤≥l. Statistical analysis was 
p≥rform≥≤ using th≥ GLM proc≥≤ur≥ by SAS 9.ı.

RESULTS AND DISCUSSION

D≥scriptiv≥ statistics for h≥ight at with≥rs, 
bo≤y ≤≥pth, bo≤y l≥ngth, h≥art girth, hip wi≤th, 
pin wi≤th an≤ hip to pin l≥ngth in Khuz≥stani an≤ 
Az≥ri br≥≥≤s ar≥ in Tabl≥ ı. Th≥ av≥rag≥ of h≥ight 
at with≥rs for Khuz≥stani an≤ Az≥ri br≥≥≤s was 
ı45.′5 an≤ ı″8.9″ cm, r≥sp≥ctiv≥ly. Borgh≥s≥ an≤ 
Mazzi ha≤ pr≥viously r≥port≥≤ th≥s≥ valu≥s at ı4ı 
an≤  ı″″  cm,  r≥sp≥ctiv≥ly  (Borgh≥s≥  an≤  Mazzi, 
′İİ5). Th≥ obtain≥≤ valu≥s for h≥ight at with≥rs in 
Az≥ri an≤ Khuz≥stani br≥≥≤s w≥r≥ high≥r than th≥ 
av≥rag≥ matur≥ Chilika f≥mal≥s with ı′4 cm (Patro 
≥t al., ′İİ″), Nili-Ravi with ı′5 cm (Borgh≥s≥ an≤ 
Mazzi,  ′İİ5)  an≤  ı″′  cm  (Jav≥≤ ≥t al.,  ′İı″), 
Murrah with ı″″ cm (Borgh≥s≥ an≤ Mazzi, ′İİ5), 
Banni  with  ı″6.7  cm  (Mishra ≥t al.,  ′İİ9)  an≤ 
Anatolian br≥≥≤ whos≥ ar≥a was a≤jac≥nt to th≥ 
Az≥ri br≥≥≤ with a h≥ight of ı″4 cm (Borgh≥s≥ an≤ 
Mazzi,  ′İİ5). This  valu≥  was  ı44  cm  for  matur≥ 
Egyptian buffalo≥s, which was high≥r than th≥ 
av≥rag≥ for Az≥ri br≥≥≤ an≤ clos≥ to th≥ Khuz≥stan 
br≥≥≤  av≥rag≥  (Borgh≥s≥  an≤  Mazzi,  ′İİ5). 
Khuz≥stani or Iraqi br≥≥≤ is probably th≥ larg≥st 
br≥≥≤ of buffalo (Borgh≥s≥ an≤ Mazzi, ′İİ5) an≤ 
th≥ r≥sults obtain≥≤ for h≥ight at with≥rs as an 
in≤icator  of  th≥  siz≥  of  th≥  animal  conirms  this. 
Th≥ av≥rag≥ bo≤y ≤≥pth for matur≥ Khuz≥stani an≤ 
Az≥ri br≥≥≤s was 78.′7 an≤ 76.4 cm, r≥sp≥ctiv≥ly.

Th≥ av≥rag≥ bo≤y l≥ngth for Khuz≥stani an≤ 
Az≥ri br≥≥≤s was ı6İ.5 an≤ ı″6.′′, r≥sp≥ctiv≥ly. 
Th≥s≥ valu≥s ar≥ high≥r than thos≥ for th≥ Chilika 
br≥≥≤ with ı′′ cm (Patro ≥t al., ′İİ″) an≤ similar 
to th≥ valu≥s foun≤ for matur≥ Anatolian br≥≥≤ with 
ı″8.56  cm  (***)  an≤  Nili-Ravi  br≥≥≤  in  ≤iff≥r≥nt 
pariti≥s with ı″9.55 cm (Jav≥≤ ≥t al., ′İı″).

Th≥ av≥rag≥ h≥art girth for Khuz≥stani an≤ 
Az≥ri br≥≥≤s was ′İ8.87 an≤ ı84, r≥sp≥ctiv≥ly. This 
valu≥  for  matur≥  Nili-Ravi  buffalo≥s  in  ≤iff≥r≥nt 
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pariti≥s was ı94.45 cm (Jav≥≤ ≥t al., ′İı″) an≤ in 
oth≥r stu≤i≥s, this valu≥ was ı7İ cm for th≥ Chilika 
buffalo≥s (Patro ≥t al., ′İİ″) an≤ ′İ5.5 cm for th≥ 
Banni≥ br≥≥≤ (Mishra ≥t al., ′İİ9).

Th≥ av≥rag≥ for hip wi≤th in Khuz≥stani 
an≤ Az≥ri br≥≥≤s was 57 an≤ 54.96 cm, r≥sp≥ctiv≥ly. 
This valu≥ for matur≥ Chilika buffalo≥s an≤ Banni 
br≥≥≤ was 48 (Patro ≥t al., ′İİ″) an≤ 55.4 (Mishra 
≥t al., ′İİ9) cm, r≥sp≥ctiv≥ly. 

Th≥ av≥rag≥ for pin wi≤th in Khuz≥stani 
an≤ Az≥ri br≥≥≤s was ′5.′9 an≤ ′6.4″ cm, 
r≥sp≥ctiv≥ly. This valu≥ for matur≥ Banni buffalo≥s 
was ′7.9 cm (Mishra ≥t al., ′İİ9).

Also, Th≥ av≥rag≥ for hip to pin l≥ngth in 
Khuz≥stani an≤ Az≥ri br≥≥≤s was 44 an≤ 4″.8 cm, 
r≥sp≥ctiv≥ly. Th≥ charact≥ristics of p≥lvic tract ar≥ 
important for r≥pro≤uction.

D≥scriptiv≥  statistics  of  th≥  stu≤i≥≤ 
traits in Az≥ri an≤ Khuz≥stani br≥≥≤s in≤icat≥ 
that Khuz≥stani br≥≥≤ is r≥lativ≥ly larg≥r than 
Az≥ri  (Tabl≥  ı).  How≥v≥r,  analysis  of  varianc≥ 
is n≥c≥ssary to ≥nsur≥ that th≥ ≤iff≥r≥nc≥s ar≥ 
signiicant. Th≥ r≥sults for analysis of varianc≥ an≤ 
l≥ast squar≥s m≥ans ar≥ pr≥s≥nt≥≤ in Tabl≥ ′ an≤ ″, 
r≥sp≥ctiv≥ly.

Consi≤≥ring that it is n≥c≥ssary to provi≤≥ 
a suitabl≥ mo≤≥l for varianc≥ analysis, th≥r≥for≥, 
≥nvironm≥ntal factors aff≥cting traits shoul≤ 
b≥ inclu≤≥≤ in th≥ statistical mo≤≥l as much as 
possibl≥. In this stu≤y, all animals w≥r≥ f≥mal≥, so 
th≥  s≥x  ≥ff≥ct  as  a  factor  was  not  inclu≤≥≤  in  th≥ 
mo≤≥l. Also, ≤u≥ to th≥ ≥valuation of all animals 
in a limit≥≤ tim≥ p≥rio≤, an≤ by an ≥valuator an≤ 
also th≥ singl≥ton of all stu≤i≥≤ animals, th≥r≥ was 
no n≥≥≤ to ≥stimat≥ th≥ ≥ff≥cts of th≥ ≥valuator, 
th≥ tim≥ of ≥valuation, an≤ th≥ typ≥ of birth in th≥ 
mo≤≥l.

Th≥ h≥r≤ ≥ff≥ct as an ≥ss≥ntial factor in 
statistical analyz≥s shoul≤ b≥ plac≥≤ in th≥ mo≤≥l 

but  ≤u≥  to  th≥  larg≥  numb≥r  of  h≥r≤s  (ı6ı  h≥r≤s) 
an≤ th≥ small numb≥r of animals us≥≤ p≥r h≥r≤, 
≥stimating th≥ ≥ff≥ct of this factor on th≥ mo≤≥l 
was not possibl≥. Inst≥a≤, th≥ provinc≥ factor was 
consi≤≥r≥≤ as a factor in≤icating ≤iff≥r≥nt climat≥s 
an≤ ≤iff≥r≥nt br≥≥≤ing m≥tho≤s. It has b≥≥n r≥port≥≤ 
that th≥ us≥ of zoning in th≥ country in analytical 
mo≤≥ls as an ≥ff≥ctiv≥ factor for typ≥ traits, has 
b≥≥n signiicant (Van≤≥r Warf an≤ Scha≥ff≥r, ı997). 
Also, in th≥ analysis mo≤≥l, parity was intro≤uc≥≤ 
as a m≥asur≥ of ag≥ at th≥ tim≥ of sampling. H≥if≥rs 
us≥≤ in this stu≤y w≥r≥ s≥xually matur≥ an≤ mor≥ 
than ′.5 y≥ars ol≤.

Accor≤ing to tabl≥s ′ an≤ ″, th≥ ≥ff≥ct of 
g≥notyp≥ on h≥ight at with≥rs, h≥art girth an≤ Hip 
wi≤th  was  compl≥t≥ly  signiicant  (P<İ.İİı)  an≤ 
on bo≤y ≤≥pth, bo≤y l≥ngth, pin wi≤th an≤ hip 
to  pin  l≥ngth  was  non-signiicant.  Tabl≥  ″  shows 
that th≥ l≥ast squar≥s m≥ans of all stu≤i≥≤ traits 
in  Khuz≥stani  br≥≥≤  is  gr≥at≥r  than Az≥ri,  ≥xc≥pt 
for pin wi≤th, which was th≥ sam≥ for both br≥≥≤s 
an≤ ≥qual to ′6 cm. How≥v≥r, ≥xc≥pt for h≥ight at 
with≥rs, h≥art girth an≤ Hip wi≤th, th≥s≥ ≤iff≥r≥nc≥s 
w≥r≥ non-signiicant.

Th≥ ≥ff≥ct of parity as an in≤icator for 
animal ag≥ was signiicant on all traits (P<İ.İİı) 
≥xc≥pt h≥art girth. Signiicant ≥ff≥ct of animal ag≥ 
on typ≥ traits was consist≥nt with th≥ r≥sults of 
Norman ≥t al. on J≥rs≥y (ı978); Jav≥≤ ≥t al. (′İı″); 
Thompson ≥t al.  (ı98ı)  an≤  also  Shankar  an≤ 
Man≤al  (′İıİ).  Th≥  ≥ff≥ct  of  ≤iff≥r≥nt  parity  on 
th≥ ≥stimat≥≤ buffalo w≥ight, which was calculat≥≤ 
from  physical  m≥asur≥m≥nts,  was  signiicant  in 
this  stu≤y  (P<İ.İİı)  Non-signiicant  ≥ff≥ct  of 
parity  on  h≥art  girth  was  inconsist≥nt  with  Jav≥≤ 
≥t al.  (′İı″).  Th≥  ag≥  rang≥  of  buffalo≥s  us≥≤  in 
this stu≤y was from h≥if≥rs with ′.5 y≥ars ol≤ to 
buffalo≥s with ı6 parity. Du≥ to th≥ larg≥ numb≥r 
of ag≥ groups an≤ also consi≤≥ring that buffalo≥s 
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r≥ach  th≥  maturity  in  th≥ir  thir≤  parity  (Shankar 
an≤  Man≤al,  ′İıİ),  an≤  f≥w≥r  animals  in  ol≤≥r 
ag≥  groups,  th≥r≥for≥,  buffalo≥s  w≥r≥  classii≥≤ 
into 6 ag≥ groups inclu≤ing Pr≥gnant h≥if≥rs an≤ 
buffalo≥s which ar≥ in th≥ir irst to ifth pariti≥s. Th≥ 
r≥sults show that th≥ signiicant ≤iff≥r≥nc≥s in th≥ 
stu≤i≥≤ traits ar≥ mainly r≥lat≥≤ to low ag≥ groups 
such as h≥if≥rs an≤ irst parity buffalo≥s with ol≤≥r 
on≥s. In all stu≤i≥≤ traits, wh≥r≥ th≥ parity ≥ff≥ct 
was  signiicant,  h≥if≥rs  w≥r≥  th≥  low≥st  an≤  th≥ 
animals with mor≥ than two pariti≥s ha≤ th≥ high≥st 
valu≥s (Tabl≥ ″). Low valu≥s in low≥r ag≥ groups 
ar≥  probably  ≤u≥  to  th≥  lack  of  physical  maturity 
an≤ th≥ pr≥s≥nc≥ of th≥ animal in th≥ growth phas≥. 
Th≥r≥ was no signiicant ≤iff≥r≥nc≥s in th≥ stu≤i≥≤ 
traits b≥tw≥≥n high≥r ag≥ groups. This can b≥ 
≤u≥  to  physical  growth  stop  or  animal’s  sk≥l≥tal 
growth Stop ≤u≥ to physical maturity (Shankar an≤ 
Man≤al, ′İıİ).

 B≥caus≥ th≥s≥ two stu≤i≥≤ br≥≥≤s w≥r≥ not 
pr≥s≥nt tog≥th≥r in any provinc≥s an≤ w≥ can not 
≥stimat≥ this ≥ff≥ct alon≥ in th≥ mo≤≥l, th≥r≥for≥, it 

was plac≥≤ in th≥ mo≤≥l as an int≥rbr≥≥≤ ≥ff≥ct as 
a factor of ≤iff≥r≥nt climat≥s an≤ ≤iff≥r≥nt br≥≥≤ing 
m≥tho≤s. As shown in tabl≥ ″, Az≥ri br≥≥≤ is 
scatt≥r≥≤ in W≥st Az≥rbaijan, East Az≥rbaijan, 
Ar≤≥bil an≤ Gilan provinc≥s an≤ Khuz≥stani 
br≥≥≤ is in Khuz≥stan an≤ K≥rmanshah provinc≥s. 
Accor≤ing to th≥ r≥sults of tabl≥s ′ an≤ ″, it is 
s≥≥n that th≥ int≥r-br≥≥≤ ≥ff≥ct of provinc≥ on th≥ 
stu≤i≥≤  traits  is  signiicant  (P<İ.İİı)  ≥xc≥pt  for 
h≥art girth an≤ hip to pin l≥ngth. Th≥ signiicanc≥ 
of provinc≥ ≥ff≥ct or r≥gion is compatibl≥ with 
Mora≤i  Shahrbabak  (ı997);  Shankar  an≤  Man≤al 
(′İıİ);  Van≤≥r  Warf  an≤  Scha≥ff≥r  (ı997).  L≥ast 
squar≥s M≥ans r≥lat≥≤ to ≥ff≥ct of provinc≥s on all 
traits w≥r≥ inv≥stigat≥≤. It was obs≥rv≥≤ that th≥ 
av≥rag≥ p≥rformanc≥ in th≥ provinc≥s wh≥r≥ th≥ 
Khuz≥stani br≥≥≤ is scatt≥r≥≤ is low≥r than th≥ 
provinc≥s wh≥r≥ th≥ Az≥ri br≥≥≤ is. Within th≥ 
provinc≥s with Az≥ri br≥≥≤, th≥ high≥st valu≥s ar≥ 
for buffalo≥s in w≥st≥rn Az≥rbaijan an≤ th≥ low≥st 
valu≥s for buffalo≥s in Guilan provinc≥. Furth≥r 
stu≤i≥s in≤icat≥s a ≤≥cr≥as≥ in th≥ quantiti≥s from 

Figur≥ ı. A Khuz≥stani buffalo.
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th≥  w≥st  to  th≥  ≥ast  of  th≥  Az≥ri  Distribution 
Zon≥,  r≥sp≥ctiv≥ly.  In  oth≥r  wor≤s,  th≥  animal’s 
siz≥ ≤≥cr≥as≥s in this ≤ir≥ction. Th≥s≥ ≤iff≥r≥nc≥s 
w≥r≥ signiicant for h≥ight at with≥rs, bo≤y ≤≥pth, 
bo≤y  l≥ngth,  hip  wi≤th  an≤  pin  wi≤th  (P<İ.İİı). 
Du≥ to th≥ larg≥ ≤iff≥r≥nc≥ in climat≥ in ≤iff≥r≥nt 
provinc≥s an≤ th≥ir ≤iff≥r≥nt br≥≥≤ing styl≥s, th≥ 
≥xist≥nc≥  of  th≥s≥  ≤iff≥r≥nc≥s  ar≥  pr≥≤ictabl≥  an≤ 
th≥ r≥sults conirm th≥m.

CONCLUSION
 

Giv≥n th≥ chall≥ng≥s ah≥a≤ of gath≥ring 
r≥cor≤ in buffalo≥s, this stu≤y is broa≤ly a part 
of th≥ rar≥ stu≤i≥s that hav≥ b≥≥n carri≥≤ out on 
this sp≥ci≥s. In this r≥s≥arch, th≥ charact≥ristics of 
Az≥ri an≤ Khuz≥stani buffalo≥s w≥r≥ ≤≥t≥rmin≥≤ 
an≤ compar≥≤. In a≤≤ition to th≥ charact≥rization of 
≥ach br≥≥≤ for ≤≥sir≥≤ traits, av≥rag≥ p≥rformanc≥ 
of th≥ stu≤i≥≤ traits particularly th≥ h≥ight at with≥rs 
an≤ h≥art girth, which hav≥ a v≥ry high corr≥lation 
with  animal  w≥ight  an≤  Chuck,  ar≥  high≥r  for 
th≥  Khuz≥stani  br≥≥≤  than  th≥  Az≥ri.  Using  this 
information along with pro≤uction information can 
b≥ us≥ful in ≤≥signing corr≥ctiv≥ strat≥gi≥s.
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ABSTRACT

M≥hsana buffalo is on≥ of th≥ b≥st ≤airy 
br≥≥≤ of buffalo in Gujarat stat≥. Th≥ aim of this 
stu≤y was to analys≥ th≥ ≥ff≥cts of non-g≥n≥tic 
factors  on  Ag≥  at  irst  calving  (AFC)  an≤  W≥t 
av≥rag≥  (WA).  Th≥  ≤ata  s≥t  compris≥≤  ı′56İ 
r≥cor≤s  up  to  thr≥≥  lactations  of  787İ  M≥hsana 
buffalo≥s,  sir≥≤  by  ′İİ  bulls  from  ı989  to 
′İı″  un≤≥r  i≥l≤  prog≥ny  t≥sting  programm≥  of 
Du≤hsagar R≥s≥arch an≤ D≥v≥lopm≥nt Association 
(DURDA),  Du≤hsagar  Dairy,  M≥hsana. Th≥  l≥ast 
squar≥s maximum lik≥lihoo≤ (LSML) program was 
us≥≤ for ≥stimation of various non-g≥n≥tic factors 
on  AFC  an≤  WA.  Th≥  l≥ast  squar≥s  m≥an  with 
stan≤ar≤ ≥rror of AFC an≤ WA w≥r≥ ı″8″.″İα″.5İ 
≤ays an≤ 7.İİαİ.′′ lit. Highly signiicant (P<İ.İı) 
≥ff≥ct of s≥ason an≤ p≥rio≤ of birth was r≥cor≤≥≤ 
on AFC  how≥v≥r,  ≥ff≥ct  of  clust≥rs  on AFC  was 
obs≥rv≥≤  to  b≥  non-signiicant  (P<İ.İ5).  Furth≥r, 
highly  signiicant  (P≤İ.İı)  ≥ff≥ct  of  all  th≥  non-
g≥n≥tic  factors  (pariti≥s,  s≥ason  of  calving, 
clust≥rs, p≥rio≤ of calving an≤ ag≥ at irst calving 
group)  un≤≥r  stu≤y  was  obs≥rv≥≤  on  w≥t  av≥rag≥ 
in M≥hsana buffalo≥s. Th≥ h≥ritability of AFC an≤ 
WA  w≥r≥  ≥stimat≥≤  asİ.ııαİ.İ′  an≤  İ.″4αİ.İ″ 
r≥sp≥ctiv≥ly.  H≥ritability  of  traits  ar≥  us≥ful  for 
pr≥≤iction  of  g≥n≥tic  r≥spons≥  to  s≥l≥ction  an≤ 
m≥asur≥ for accuracy in s≥l≥ction. V≥ry high an≤ 

signiicant  ≥stimat≥  of  h≥ritability  of  WA.  It  was 
conclu≤≥≤ that s≥l≥ction of M≥hsana buffalo≥s may 
b≥ bas≥≤ on this pro≤uction trait in th≥ h≥r≤.

K≥ywor≤s: Bubalus bubalis, buffalo, M≥hsana 
buffalo, ag≥ at irst calving, w≥t av≥rag≥, g≥n≥tic, 
non-g≥n≥tic

INTRODUCTION

In≤ia is l≥a≤ing milk pro≤ucing country in 
th≥  worl≤.  Gujarat  poss≥ss≥s  rich  bio≤iv≥rsity  of 
buffalo  population,  inhabits  four  w≥ll-≥stablish≥≤ 
buffalo br≥≥≤s viz., M≥hsana, Surti, Jaffaraba≤i an≤ 
Banni. As p≥r ı9th Liv≥stock C≥nsus total numb≥r 
of  buffalo  in  th≥  country  is  ıİ8.7  million.  Th≥ 
buffalo constitut≥ aroun≤ ′ı.′″% of total liv≥stock 
population  of  In≤ia  (Annual  R≥port,  ′İı6-′İı7). 
M≥hsana is on≥ of th≥ b≥st ≤airy br≥≥≤ of buffalo≥s 
an≤ consi≤≥r≥≤ to b≥ r≥gular br≥≥≤≥r. Although 
th≥ br≥≥≤ has contribut≥≤ signiicantly in th≥ milk 
pro≤uction an≤ ha≤ gr≥at≥r rol≥ in ‘Op≥ration loo≤’ 
programm≥ initiat≥≤ to augm≥nt milk pro≤uction in 
In≤ia, but th≥ g≥n≥tic pot≥ntial of this br≥≥≤ has not 
b≥≥n utilis≥≤ to th≥ full≥st. 

Ag≥ at irst calving an≤ w≥t av≥rag≥ ar≥ th≥ 
≥conomic  traits  which  ar≥  of  important  mon≥tary 
valu≥  in  th≥  pro≤uction  of  liv≥stock. Ag≥  at  irst 
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calving  is  on≥  of  ≥ss≥ntial  traits  for  bringing 
improv≥m≥nt  in  milk  pro≤uction.  It  consi≤≥rably 
aff≥cts  th≥  pro≤uctiv≥  lif≥  of  an  animal  an≤  th≥ 
numb≥r  of  calv≥s  obtain≥≤  ≤uring  th≥  lif≥  tim≥ 
of that animal. R≥≤uction in AFC is ≤≥sirabl≥ for 
r≥≤ucing r≥aring cost of h≥if≥r an≤ for ≥conomizing 
milk  pro≤uction  cost.  Furth≥r,  association  of  w≥t 
av≥rag≥  with  total  milk  yi≥l≤  an≤  many  of  th≥ 
r≥pro≤uction  rat≥  n≥c≥ssitat≥s  th≥  stu≤y  th≥  non-
g≥n≥tic an≤ g≥n≥tic factor aff≥cting it. Th≥ g≥n≥tic 
improv≥m≥nt in M≥hsana buffalo≥s can b≥ brought 
about by un≤≥rstan≤ing th≥ factors that aff≥ct th≥s≥ 
two traits. In th≥ pr≥s≥nt stu≤y, an att≥mpt has b≥≥n 
ma≤≥  to  ≥stimat≥  th≥  g≥n≥tic  param≥t≥rs  of  th≥s≥ 
traits as w≥ll as th≥ non-g≥n≥tic factors aff≥cting 
th≥m in M≥hsana buffalo≥s.

MATERIALS AND METHODS

Th≥ ≤ata for th≥ pr≥s≥nt stu≤y was coll≥ct≥≤ 
from  Du≤hsagar  R≥s≥arch  an≤  D≥v≥lopm≥nt 
Association (DURDA), Du≤hsagar Dairy, M≥hsana 
for  th≥  p≥rio≤  from  ı986  to  ′İı″.  Du≤hsagar 
R≥s≥arch an≤ D≥v≥lopm≥nt Association (DURDA) 
is activ≥ly ≥ngag≥≤ with th≥ g≥n≥tic improv≥m≥nt 
of  buffalos  an≤  cows.  Th≥  M≥hsana  ≤istrict  Co-
op≥rativ≥ Milk Pro≤uc≥rs’ Union Limit≥≤, with th≥ 
h≥lp of National Dairy D≥v≥lopm≥nt Boar≤, Anan≤, 
is  carrying  out  i≥l≤  prog≥ny  t≥sting  programm≥ 
through DURDA in M≥hsana buffalo≥s sinc≥ ı985. 
G≥ographically, th≥ farms ar≥ locat≥≤ in M≥hsana 
≤istrict (ar≥a of ov≥r 45İİ km′) in Gujarat, which 
is  situat≥≤  at  th≥  cross  point  of  ′″.4İºN  latitu≤≥ 
an≤ 7′.″İºE longitu≤≥, at an altitu≤≥ of ′65 m≥t≥rs 
abov≥  m≥an  s≥a  l≥v≥l.  Th≥  climat≥  of  r≥gion  is 
tropical  an≤  s≥mi-ari≤  maximum  t≥mp≥ratur≥ 
r≥cor≤≥≤  is  45ºC  an≤  minimum  is  ı5ºC. Av≥rag≥ 
rainfall  in  th≥  ≤istrict  is  aroun≤  668  mm  an≤ 

rainy  s≥ason  lasts  for  approximat≥ly  45  ≤ays. 
A  total  of  ı′56İ  lactation  r≥cor≤s  b≥longing  to 
78′5  buffalo≥s  w≥r≥  utilis≥≤  for  th≥  stu≤y.  Th≥ 
≤ata  w≥r≥  classii≥≤  accor≤ing  to  parity,  clust≥rs, 
p≥rio≤s,  s≥asons  an≤  ag≥  at  irst  calving  group. 
A  total  of  74  villag≥s  w≥r≥  clust≥r≥≤  into  thr≥≥ 
groups bas≥≤ on g≥ographical location. G≥n≥rally, 
th≥  pro≤uction  an≤  r≥pro≤uction  p≥rformanc≥  of 
M≥hsana  buffalo≥s  in  th≥  pr≥s≥nt  stu≤y  scatt≥r≥≤ 
ov≥r  ′5  y≥ars,  b≥ginning  from  ı989.  How≥v≥r, 
consi≤≥ring th≥ contiguous y≥ars to hav≥ mor≥ or 
l≥ss similar ≥ff≥ct, th≥ ≥ntir≥ ≤ata was group≥≤ into 
th≥  iv≥  p≥rio≤s  accor≤ing  to  y≥ar  of  calving  for 
w≥t av≥rag≥ an≤ y≥ar of birth for AFC. Each y≥ar 
was ≤ivi≤≥≤ into two s≥asons viz br≥≥≤ings≥ason - 
ı (January to Jun≥) an≤ br≥≥≤ings≥ason - ′ (July to 
D≥c≥mb≥r), s≥ason of birth an≤ s≥ason of calving 
for both AFC an≤ WA r≥sp≥ctiv≥ly. Classiication 
in  to AFC  groups  w≥r≥  ≤on≥  by  taking  th≥  m≥an 
an≤ stan≤ar≤ ≤≥viation (SD) of ag≥ at irst calving 
an≤  thr≥≥  groups  w≥r≥  ≤≥in≥≤, viz.  <  X-ı  SD  = 
<ııİİ ≤ays, Xαı SD = ııİı-ı678 ≤ays, > X+ı SD 
= ı679 ≤ays.

Th≥ l≥ast squar≥s analysis of varianc≥ for 
un≥qual sub-class numb≥rs (Harv≥y, ı99İ) was us≥≤ 
to ≥stimat≥ th≥ ≥ff≥ct of non-g≥n≥tic factors. Th≥ 
statistical mo≤≥l for AFC is Yijkl = µ+Ai+Bj+Ck+≥ijkl 
Wh≥r≥; Yijkl is lth r≥cor≤ of buffalo born in ith clust≥r, 
jth p≥rio≤ an≤ kth s≥ason; µ is population m≥an; Ai 
is ix≥≤ ≥ff≥ct of ith clust≥r wh≥r≥, i is ı, ′ an≤ ″; Bj 
is ix≥≤ ≥ff≥ct of jth p≥rio≤ of birth wh≥r≥, j vari≥s 
b≥tw≥≥n  ı,  ′,  ″,  4  an≤  5;  Ck  is  ix≥≤  ≥ff≥ct  of  kth 
s≥ason of birth wh≥r≥, k is ı an≤ ′; ≥ijkl is ran≤om 
≥rror  assum≥≤  to  b≥  normally  an≤  in≤≥p≥n≤≥ntly 
≤istribut≥≤  with  z≥ro  m≥an  an≤  constant  varianc≥ 
(NID, İ, σ′). Th≥ statistical mo≤≥l for WA is Yijklmn 
=  µ+Ai+Bj+Ck+Dl+Em+≥ijklmn. Wh≥r≥  all  notations 
hav≥  th≥ir  usual  m≥aning  as  m≥ntion≥≤  abov≥ 
≥xc≥pt, inst≥a≤ of birth, calving is to b≥ consi≤≥r≥≤; 
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Dl is ix≥≤ ≥ff≥ct of lth parity wh≥r≥, l is ı, ′ an≤ ″; 
Em is ix≥≤  ≥ff≥ct  of  mth ag≥  at  irst  calving  group 
wh≥r≥, m is ı, ′ an≤ ″. Th≥ ≤iff≥r≥nc≥s of m≥ans 
b≥tw≥≥n  subclass≥s  of  clust≥r,  p≥rio≤,  s≥ason, 
parity  an≤  ag≥  group  w≥r≥  t≥st≥≤  for  signiicanc≥ 
using  mo≤ii≥≤  Duncan’s  Multipl≥  Rang≥  T≥st 
(Kram≥r, ı957). 

G≥n≥tic  param≥t≥rs  (h≥ritability  an≤  th≥ir 
g≥n≥tic corr≥lations) w≥r≥ ≥stimat≥≤ using pat≥rnal 
half  sib  corr≥lation  m≥tho≤  (B≥ck≥r,  ı975).  Th≥ 
≤ata a≤just≥≤ for signiicant ≥ff≥cts of non-g≥n≥tic 
factors w≥r≥ us≥≤ for ≥stimation of h≥ritability. 
Th≥ mo≤≥l us≥≤ to ≥stimat≥ th≥ h≥ritability was, 
Yij = µ+Si+≥ij Wh≥r≥, Yij is jth obs≥rvation on a trait 
from prog≥ny of ith sir≥ an≤ Si is ≥ff≥ct of ith sir≥. 
Th≥ stan≤ar≤ ≥rror of h≥ritability was ≥stimat≥≤ 
as p≥r Swig≥r ≥t al. (ı964). Th≥ r≥p≥atability was 
≥stimat≥≤  for  WA  with  maximum  thr≥≥  pariti≥s 
using intraclass corr≥lation among  r≥p≥at≥≤ 
r≥cor≤s of th≥ sam≥ animal. Th≥ mo≤≥l was similar 
to  that  us≥≤  for  ≥stimation  of  h≥ritability  ≥xc≥pt 
that b≥tw≥≥n animal varianc≥ was us≥≤ inst≥a≤ of 
b≥tw≥≥n sir≥ varianc≥.

RESULTS AND DISCUSSION

Th≥  l≥ast  squar≥s  m≥an  for  AFC  in  th≥ 
pr≥s≥nt stu≤y was obtain≥≤ as ı″8″.″İα″.5İ ≤ays 
in M≥hsana buffalo≥s. Th≥ pr≥s≥nt ≥stimat≥ of AFC 
in M≥hsana buffalo≥s was clos≥ to thos≥ r≥port≥≤ 
pr≥viously  by  Prajapati ≥t al.  (′İı7);  Chau≤hary 
(′İı6) in M≥hsana buffalo≥s an≤ Jamal ≥t al. (′İı7) 
in Murrah buffalo≥s. Wh≥r≥as, it was high≥r than 
th≥ valu≥s r≥port≥≤ by Gupta ≥t al. (′İı′); Jamuna 
≥t al. (′İı5b) in Murrah. On oth≥r han≤, th≥ LSM 
for AFC in th≥ curr≥nt stu≤y was low≥r than thos≥ 
r≥port≥≤  by  Galsar ≥t al.  (′İı6)  in  M≥hsana  an≤ 
Chau≤hary (′İı5) in Murrah buffalo≥s (Tabl≥ ı).

Th≥ r≥sults of analysis of varianc≥ show≥≤ 
that s≥ason of birth ha≤ highly signiicant (P≤İ.İı) 
≥ff≥ct  on  AFC  in  th≥  pr≥s≥nt  inv≥stigation.  Th≥ 
buffalo≥s  born  ≤uring  irst  s≥ason  was  having 
signiicantly  high≥r  AFC  than  thos≥  born  ≤uring 
th≥ s≥con≤ s≥ason. Th≥ signiicant ≥ff≥ct of s≥ason 
on AFC  is  in  lin≥  with  thos≥  r≥port≥≤  by  Galsar 
≥t al. (′İı6);  Chau≤hari  (′İı6)  in  M≥hsana; 
Gupta ≥t al. (′İı′); Jamal ≥t al. (′İı7) in Murrah 
buffalo≥s. S≥ason may inlu≥nc≥ th≥ ≥xpr≥ssion of 
p≥rformanc≥  traits  in  buffalo≥s  b≥caus≥  of  wi≤≥ 
variation of climatic con≤ition throughout th≥ y≥ar. 

Th≥ clust≥r of ≤istribution of buffalo≥s 
ha≤ non-signiicant ≥ff≥ct on AFC how≥v≥r, low≥st 
AFC was obs≥rv≥≤ in irst clust≥r (ı″77.9ıα6.64) 
an≤ high≥st in s≥con≤ clust≥r (ı″9″.″7α4.5′). Th≥ 
variation obs≥rv≥≤ in th≥ AFC in ≤iff≥r≥nt clust≥rs 
account≥≤  for  th≥  variation  in  manag≥m≥ntal 
practic≥s an≤ r≥sourc≥s availabl≥ within th≥ villag≥ 
r≥c≥iving  ran≤om  sir≥s.  On  th≥  contrary,  highly 
signiicant  (P≤İ.İı)  ≥ff≥ct  of  p≥rio≤  of  birth  on 
AFC  was  obs≥rv≥≤,  which  was  high≥st  in  s≥con≤ 
p≥rio≤  an≤  low≥st  in  irst  p≥rio≤. How≥v≥r,  th≥r≥ 
was  no  signiicant  ≤iff≥r≥nc≥  in AFC  b≥tw≥≥n  4th 
an≤  5th  p≥rio≤,  which  ≤iff≥r≥≤  signiicantly  from 
r≥st  of  th≥  p≥rio≤s.  This  in≤ing  is  analogy  with 
thos≥ r≥port≥≤ by Galsar ≥t al. (′İı6); Chau≤hari 
(′İı6) in M≥hsana; Gupta ≥t al. (′İı′); Jamal ≥t al. 
(′İı7) in Murrah buffalo≥s. Th≥ variation obs≥rv≥≤ 
in ≤iff≥r≥nt p≥rio≤ is th≥ r≥l≥ction of ≤iff≥r≥nc≥s in 
th≥ f≥≥≤ing an≤ fo≤≤≥r availability ≤uring ≤iff≥r≥nt 
p≥rio≤s inlu≥ncing th≥ growth rat≥ an≤ ag≥ at irst 
calving in th≥ h≥if≥rs.

Th≥  l≥ast  squar≥s  m≥an  of  w≥t  av≥rag≥ 
for M≥hsana buffalo≥s across prog≥ny t≥sting ar≥a 
was  ≥stimat≥≤  to  b≥7.İİαİ.′′  lit.  This  was  clos≥ 
to  thos≥  r≥port≥≤  pr≥viously  by  SDAU  (′İı5) 
in  Banni  (simpl≥  m≥an),  Jamuna ≥t al.  (′İı5a); 
NDRI, (′İı7) in Murrah buffalo≥s. 
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Th≥ parity ha≤ highly signiicant ≥ff≥ct on WA 
an≤ it was obs≥rv≥≤ to b≥ low≥st in ıst parity an≤ 
high≥st in ″r≤ parity. This was in ≥quival≥nc≥ with 
thos≥ r≥port≥≤ by Jamuna ≥t al. (′İı5a) in Murrah 
buffalo≥s. Th≥  signiicant  ≥ff≥ct  of  parity  may  b≥ 
≤u≥ to th≥ fact that animals ar≥ in th≥ growing stag≥ 
≤uring th≥ir irst pr≥gnancy an≤ irst lactation an≤ 
th≥  physiological  ≤≥v≥lopm≥nt  in  th≥  bo≤y  of  an 
in≤ivi≤ual  animal  in  th≥  ≥arly  ag≥s,  which  hav≥ 
stabiliz≥≤  in  th≥  subs≥qu≥nt  lactations.  S≥ason  of 
calving also ha≤ a highly signiicant (P≤İ.İı) ≥ff≥ct 
on  WA  in  th≥  pr≥s≥nt  stu≤y.  It  was  signiicantly 
low≥r  in  buffalo  calv≥s  born  in  s≥con≤  s≥ason. 
Th≥ pr≥s≥nt in≤ing of highly signiicant ≥ff≥ct of 
s≥ason of calving on WA was in contra≤iction with 
thos≥ r≥port≥≤ by Jamuna ≥t al. (′İı5a) in Murrah 
buffalo≥s an≤ Tripathy ≥t al. (′İı7) in Karan-Fri≥s 
cattl≥.

Diff≥r≥nt  clust≥rs  ha≤  highly  signiicant 
(P≤İ.İı)  inlu≥nc≥  an≤  WA  obtain≥≤  was  high≥st 
in  clust≥r-″.  Similarly,  p≥rio≤  of  calvingwas  also 
having  highly  signiicant  (P≤İ.İı)  ≥ff≥ct  on  w≥t 
av≥rag≥  an≤  it  was  in  ≥quival≥nc≥  with  thos≥ 
r≥port≥≤ by Jamuna ≥t al. (′İı5a); Tripathy (′İı5) in 
Murrah buffalo≥s an≤ Sahiwal cattl≥, r≥sp≥ctiv≥ly. 
Eff≥ct  of  ag≥  at  irst  calving  group  was  again 
foun≤  to  hav≥  highly  signiicant  (P≤İ.İı).  It  was 
signiicantly low≥r in group-″ (A″) as compar≥≤ to 
thos≥ in Aı an≤ A′. Jamuna ≥t al. (′İı5a) r≥port≥≤ 
similarly signiicant ≥ff≥ct of AFC group on WA in 
Murrah buffalo≥s. 

Among g≥n≥tic param≥t≥rs, th≥ ≥stimat≥ of 
h≥ritability for AFC was calculat≥≤ to b≥ İ.ııαİ.İ′, 
which  was  low  but  signiicantly ≤iff≥r  from  z≥ro. 
Th≥ pr≥s≥nt in≤ing of low ≥stimat≥ of h≥ritability 
for AFC was in conformity with thos≥ r≥port≥≤ by 
Chau≤hary,  (′İı6)  in  M≥hsana  an≤  Barros ≥t al. 
(′İı6) in Murrah. Th≥ h≥ritability ≥stimat≥ for w≥t 
av≥rag≥  (WA)  was  foun≤  to  b≥  İ.″4αİ.İ″,  which 

was  signiicantly  ≤iff≥r≥nt  from  z≥ro  (P≤İ.İı). 
Jamuna ≥t al.  (′İı5b)  r≥port≥≤  low≥r  h≥ritability 
for th≥ sam≥ trait in Murrah buffalo≥s. Mor≥ov≥r, 
comparativ≥ly  high≥r  ≥stimat≥s  of  h≥ritability  for 
WA  than  th≥  pr≥s≥nt  ≥stimat≥  was  r≥port≥≤  by 
Tripathy ≥t al. (′İı7) in Karan Fri≥s cattl≥ (Tabl≥ 
′).

R≥p≥atability t≥lls about th≥ probability at 
which th≥ r≥p≥tition of th≥ trait in an in≤ivi≤ual is 
≥xp≥ct≥≤ in futur≥. WA b≥ing th≥ r≥p≥atabl≥ trait, 
as th≥ r≥p≥atability was also ≥stimat≥≤ for this an≤ 
it  was  foun≤  to  b≥İ.44αİ.İ6,  which  is  high  an≤ 
signiicantly ≤iff≥r≥nt from z≥ro. High r≥p≥atability 
≥stimat≥ impli≥s that ≥arly s≥l≥ction of th≥ buffalo≥s 
will  b≥  r≥liabl≥  on  basis  of  w≥t  av≥rag≥.  Th≥ 
ph≥notypic  corr≥lation  (rg) b≥tw≥≥n  WA  an≤ AFC 
was  ≥stimat≥≤ as  İ.44αİ.ııwhichis  positiv≥,  high 
an≤ highly signiicant. This implicat≥ that th≥s≥ two 
traits ar≥ positiv≥ly corr≥lat≥≤ which is un≤≥sirabl≥ 
h≥nc≥, car≥ must b≥ tak≥n whil≥ using both th≥s≥ 
traits simultan≥ously as s≥l≥ction crit≥ria.

CONCLUSION

Th≥ ≥ff≥ct of p≥rio≤ an≤ s≥ason of birth on 
ag≥ at irst calving an≤ s≥ason, p≥rio≤, parity, ag≥ 
at irst calving group on th≥ w≥t av≥rag≥ sugg≥st≥≤ 
that traits shoul≤ b≥ a≤just≥≤ for non-g≥n≥tic 
factors.  Th≥  high  h≥ritability  of  WA  show≥≤  th≥ 
importanc≥  of  inclu≤ing  this  trait  in  th≥  futur≥ 
s≥l≥ction  programm≥  wh≥n  g≥n≥tic  improv≥m≥nt 
is sought. Th≥ g≥n≥tic an≤ ph≥notypic corr≥lations 
b≥tw≥≥n  WA  an≤  AFC  w≥r≥  on  high≥r  si≤≥  but 
un≤≥sirabl≥, sugg≥sting that car≥ shoul≤ b≥ tak≥n 
whil≥  using  w≥t  av≥rag≥  as  s≥l≥ction  crit≥ria,  as 
it  may  incr≥as≥  AFC  too.  Th≥  high  r≥p≥atability 
(İ.44αİ.İ6) ≥stimat≥s of WA sugg≥st that buffalo≥s 
coul≤ b≥ s≥l≥ct≥≤ for this trait bas≥≤ on ≥arly 
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Tabl≥ ı. L≥ast squar≥s m≥ans with th≥ir stan≤ar≤ ≥rrors an≤ co≥fici≥nt of variations for ag≥ at irst calving 
an≤ w≥t av≥rag≥ in M≥hsana buffalo≥s.
Traits AFC(≤ays) WA(lit)
µ ı″8″.″İα″.5İ (′ı.8,787İ) 7.İİαİ.′′ (′′.″,ı′5′4)

Parity **
ı - 6.′6αİ.′ı (′İ.8,787İ)
′ - 7.′İαİ.″İ (′ı.″,″ı5″)
″ - 7.56αİ.″9 (′İ.5,ı5İı)

S≥ason ** **
ı ı″96.ı′α5.İ5 (′′.6,ı″86) 7.ı4αİ.″″ (′′.5,′ı4İ)
′ ı″7İ.47α4.4″ (′ı.6,6484) 6.87αİ.′İ (′′.′,ıİ″84)

Clust≥r NS **
ı ı″77.9ıα6.64 (′ı.9,ı8″5) 7.İ′αİ.″ı (′ı.9,′8′5)
′ ı″9″.″7α4.5′ (′ı.7,4İ68) 6.85αİ.′4 (′′.ı,65İı)
″ ı″78.6ıα6.4″ (′′.İ,ı967) 7.ı4αİ.″İ (′′.7,″ı98)

P≥rio≤ ** **
ı ı′67.54α8.′9 (′İ.9,ıı59) 6.9″αİ.4İa( ′İ.′,ı5İ′)
′ ı46′.96α7.49 (′4.5,ı498) 6.95αİ.″ıa (′′.İ,′57′)
″ ı″5′.8ıα6.5′ (′ı.9,ı9ı6) 6.96αİ.′8a (′″.İ,″5ı5)
4 ı4′6.46α6.′7a (′ı.İ,′ıİ4) 6.9ıαİ.′7a (′″.İ,″694)
5 ı4İ6.7ıα8.′8a (ı9.7,ıı9″) 7.′6αİ.44b (′İ.4,ı′4ı)

AFC group **
ı - 7.İ5αİ.″″ (′ı.9,′ı66)
′ - 7.İ5αİ.′′ (′′.″,854″)
″ - 6.9ıαİ.″6 (′′.7,ı8ı5)

   Figur≥s  within  par≥nth≥s≥s  ar≥  th≥  co≥fici≥nt  of  variation  an≤  numb≥r  of  obs≥rvations;  **  =  P≤İ.İı;  
      * = P≤İ.İ5; NS: non-signiicant. Sup≥rscripts may b≥ r≥a≤ column wis≥ for ≥ach ≥ff≥ct for m≥an comparison.    
    Similar sup≥rscript shows that th≥ m≥ans ≤o not ≤iff≥r signiicantly.

Tabl≥ ′. H≥ritability an≤ r≥p≥atability of traits in M≥hsana buffalo≥s.
AFC WA

AFC İ.ııαİ.İ′** İ.4″αİ.9ı
WA İ.44αİ.ıı** İ.″4αİ.İ″**

İ.44αİ.İ6**
                              ** = P≤İ.İı; Abov≥ ≤iagonal = g≥n≥tic corr≥lations; 
                                                      b≥low ≤iagonal = ph≥notypic corr≥lations; 
                                                      ≤iagonal= h≥ritability (bol≤) an≤ r≥p≥atability.



Buffalo Bull≥tin (January-March ′İı9) Vol.″8 No.ı

ı6

lactation r≥cor≤s.
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ABSTRACT

Distribution patt≥rn of phosphatas≥s, 
oxi≤or≥≤uctas≥s  an≤  non-sp≥ciic  ≥st≥ras≥s  w≥r≥ 
stu≤i≥≤ in ovary of pr≥pub≥rtal, follicular phas≥, 
lut≥al phas≥ an≤ in pr≥gnant animals. In th≥ ovary of 
pr≥pub≥rtal buffalo≥s, ≤istribution of phosphatas≥s 
(AKPas≥  an≤  G-6-Pas≥)  was  n≥gligibl≥  in  th≥ 
surfac≥ ≥pith≥lium, tunica albugin≥a an≤ stroma 
in th≥ cort≥x r≥gion whil≥ it was w≥ak ≤uring th≥ 
follicular, lut≥al an≤ pr≥gnant animals. Its activity 
was strong in th≥ primor≤ial an≤ primary follicl≥s 
in all th≥ phas≥s of th≥ r≥pro≤uction. Strong to 
int≥ns≥ r≥action was obs≥rv≥≤ in th≥ th≥ca c≥lls an≤ 
granulosa c≥lls. Th≥ lut≥al c≥lls an≤ bloo≤ v≥ss≥ls 
in corpus lut≥um of lut≥al phas≥ show≥≤ mo≤≥rat≥ 
r≥actions  whil≥  strong  r≥action  was  obs≥rv≥≤  in 
th≥ pr≥gnant buffalo≥s. Th≥ ≥nzym≥ r≥action of 
≤≥hy≤rog≥nas≥s r≥v≥al≥≤ that th≥ st≥roi≤og≥nic 
c≥lls  w≥r≥  mor≥  activ≥  ≤uring  follicular  phas≥, 
lut≥al  phas≥  an≤  pr≥gnancy  whil≥  w≥ak  activity 
was obs≥rv≥≤ in th≥ surfac≥ ≥pith≥lium an≤ tunica 
albugin≥a.  R≥activity  of  ≤iaphoras≥s  w≥r≥  w≥ak 
to mo≤≥rat≥ in surfac≥ ≥pith≥lium an≤ tunica 
albugin≥a, mo≤≥rat≥ activity in th≥ca c≥lls an≤ 
oocyt≥ an≤ int≥ns≥ r≥action in granulosa c≥lls of 
t≥rtiary  follicl≥s  an≤  w≥ak  activity  in  conn≥ctiv≥ 
tissu≥ s≥pta an≤ int≥ns≥ in lut≥al c≥lls in par≥nchyma 
of corpus lut≥um of  buffalo. Activity of NSE was 
strong in th≥ granulosa c≥lls an≤ corona ra≤iat≥ 

c≥lls  of  s≥con≤ary  an≤  t≥rtiary  follicl≥s  whil≥ 
it  was  mo≤≥rat≥  in  th≥  th≥ca  c≥lls.  Most  of  th≥ 
≥nzym≥s w≥r≥ mor≥ activ≥ in pub≥rtal an≤ pr≥gnant 
buffalo≥s compar≥≤ with pr≥pub≥rtal buffalo≥s an≤ 
coul≤ b≥ corr≥lat≥≤ with th≥ st≥roi≤ synth≥sis. Th≥ 
≤iff≥r≥nc≥ in th≥ int≥nsity of ≥nzym≥ in ≤iff≥r≥nt 
compartm≥nts  of  ovary  also  corr≥lat≥≤  with  th≥ 
c≥lls participating in th≥ hormon≥ synth≥sis.

K≥ywor≤s: Bubalus  bubalis,  buffalo,  
histo≥nzymic stu≤y, ovary, r≥pro≤uctiv≥ stag≥s

INTRODUCTION

Buffalo  is  on≥  of  th≥  important  liv≥stock 
r≥sourc≥s of In≤ia an≤ it plays a vital rol≥ in 
improving th≥ socio-≥conomic status of rural 
mass≥s. Buffalo can b≥ consi≤≥r≥≤ as a pillar for 
th≥ ≤≥v≥lopm≥nt of ≤airy in≤ustry in In≤ia as th≥ 
sp≥ci≥s  is  a  major  contributor  in  country’s  milk 
pro≤uction (56.İİ% of total milk), ≤≥spit≥ th≥ fact 
that th≥y constitut≥ only ″4.6İ% of total bovin≥ 
population, an≤ this can b≥ attribut≥≤ to st≥a≤y 
incr≥as≥ in buffalo population in In≤ia ≤uring last 
two ≤≥ca≤≥s, which is about ı.9″% (FAO, ′İı′). 
D≥lay≥≤ pub≥rty, poor ≥xpr≥ssion of ≥strus, high 
inci≤≥nc≥ of ≥arly ≥mbryonic mortality, long int≥r-
calving p≥rio≤ an≤ s≥asonal variation in f≥rtility 
compromis≥ th≥ pro≤uctivity of buffalo (Bubalus 

HISTOENZYMIC STUDIES ON THE OVARY OF INDIAN BUFFALO DURING 
DIFFERENT REPRODUCTIVE STAGES

D≥v≥n≤ra Pathak* an≤ N≥≥lam Bansal

D≥partm≥nt of V≥t≥rinary Anatomy, Coll≥g≥ of V≥t≥rinary Sci≥nc≥, Guru Anga≤ D≥v V≥t≥rinary an≤ Animal 
Sci≥nc≥s Univ≥rsity, Lu≤hiana, In≤ia, *E-mail: ≤r≤≥v≥n≤ra@gmail.com
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bubalis). A coor≤inat≥≤ r≥lationship ≥xists b≥tw≥≥n 
hypothalamus, pituitary an≤ ovary of animals an≤ 
ovary un≤≥rgo≥s chang≥s in its activity of c≥ll 
typ≥s bas≥≤ on inlu≥nc≥s from hypothalamus an≤ 
pituitary at ≤iff≥r≥nt stag≥s of r≥pro≤uction. Th≥ 
location an≤ th≥ r≥activity of various ≥nzym≥s vary 
≤uring ≤iff≥r≥nt stag≥s of r≥pro≤uction an≤ th≥y 
play important rol≥ at ≥ach stag≥ of r≥pro≤uctiv≥ 
physiology. Th≥ compl≥t≥ stu≤y of various ≥nzym≥s 
≤uring ≤iff≥r≥nt stag≥s of r≥pro≤uction is r≥quir≥≤ 
to un≤≥rstan≤ th≥ follicular ≤≥v≥lopm≥nt an≤ 
st≥roi≤og≥nic activity of ovari≥s in buffalo≥s. Thus 
th≥ pr≥s≥nt inv≥stigation was ≤≥sign≥≤ to ≥luci≤at≥ 
phosphatas≥s,  oxi≤or≥≤uctas≥s  an≤  non-sp≥ciic 
≥st≥ras≥s in ovary ≤uring pr≥pub≥rtal, follicular 
phas≥, lut≥al phas≥ an≤ pr≥gnant buffalo≥s. 

MATERIALS AND METHODS

Th≥  ovari≥s  of  buffalo≥s  (n  =  5′)  w≥r≥ 
coll≥ct≥≤ from N≥w D≥lhi Municipal Corporation 
Abattoir,  Gajipur;  M.K.  Ov≥rs≥as  Pvt.  Lt≤.,  D≥ra 
Basi, local abattoir at Bar≥illy an≤ T≥aching 
V≥t≥rinary  Clinical  Compl≥x,  GADVASU, 
Lu≤hiana.  Th≥y  w≥r≥  classii≥≤  into  four  groups, 
pr≥pub≥rtal (bas≥≤ on th≥ history an≤ ag≥ of 
th≥ animal), follicular phas≥ (pr≥s≥nc≥ of a 
≤ominant follicl≥ on th≥ surfac≥ an≤ abs≥nc≥ of 
corpus lut≥um), Lut≥al phas≥ (pr≥s≥nc≥ of a fully 
≤≥v≥lop≥≤ corpus lut≥um), pr≥gnant (pr≥s≥nc≥ of 
fo≥tus in th≥ ut≥rus).

Fr≥sh unix≥≤ tissu≥s from ovary of In≤ian 
buffalo≥s  w≥r≥  coll≥ct≥≤  from  slaught≥r  hous≥s 
imm≥≤iat≥ly aft≥r th≥ slaught≥r of th≥ animals 
an≤ plac≥≤ in tissu≥ fr≥≥zing m≥≤ium (L≥ica) an≤ 
froz≥n  in  liqui≤  nitrog≥n.  Cryostat  s≥ctions  of  6 
to  7  µm  thickn≥ss≥s  at  -′İ°C  w≥r≥  obtain≥≤  on 
glass sli≤≥s with cryostat microtom≥ an≤ incubat≥≤ 

with  ≤iff≥r≥nt  substrat≥s  for  th≥  ≤≥monstration 
of phosphatas≥s, oxi≤or≥≤uctas≥s, ≥st≥ras≥s as 
≤≥scrib≥≤ in Tabl≥ ı. Th≥ positiv≥ an≤ n≥gativ≥ 
controls w≥r≥ carri≥≤ out wh≥r≥v≥r possibl≥. 

RESULTS AND DISCUSSION

Distribution  of  phosphatas≥s,  
oxi≤or≥≤uctas≥s  an≤  non-sp≥ciic  ≥st≥ras≥s  w≥r≥ 
stu≤i≥≤ in ovary of pr≥pub≥rtal (Tabl≥ ′), follicular 
phas≥ (Tabl≥ ″), lut≥al phas≥ (Tabl≥ 4) an≤ in 
pr≥gnant animals (Tabl≥. 5).

Phosphatas≥s
Alkalin≥ phosphatas≥s (AKPas≥)

In th≥ ovary of pr≥pub≥rtal buffalo≥s, 
≤istribution  of  AKPas≥  was  n≥gligibl≥  in  th≥ 
surfac≥ ≥pith≥lium, tunica albugin≥a an≤ stroma 
in th≥ cort≥x r≥gion whil≥ it was w≥ak ≤uring th≥ 
follicular, lut≥al an≤ pr≥gnant animals. Its activity 
was strong in th≥ primor≤ial an≤ primary follicl≥s 
in all th≥ phas≥s of th≥ r≥pro≤uction (Figur≥ ı(a)). 
AKPas≥  is  known  for  synth≥sis  an≤  transport  of 
substanc≥s across th≥ c≥ll m≥mbran≥ an≤ thus it 
might b≥ r≥quir≥≤ for growth an≤ ≤iff≥r≥ntiation of 
ovarian follicl≥s. Roy an≤ Uppal (′İİ5) ≤iscuss≥≤ 
that this ≥nzym≥s occurr≥≤ in c≥lls sp≥cializ≥≤ 
for ≥n≤ocytosis an≤ pinocytosis. This ≥nzym≥ 
has b≥≥n foun≤ to b≥ involv≥≤ in ≥n≥rgy transf≥r 
r≥actions  (Fr≥≥lan≤  an≤  Sz≥p≥si  ı97ı).  Strong  to 
int≥ns≥ r≥action was obs≥rv≥≤ in th≥ th≥ca c≥lls an≤ 
granulosa  c≥lls  (Figur≥  ı(b)).  W≥ak  r≥action  was 
obs≥rv≥≤  in  th≥  oocyt≥  an≤  zona  p≥lluci≤a  whil≥ 
int≥ns≥ r≥actions w≥r≥ not≥≤ in th≥ corona ra≤iat≥ 
c≥lls in all th≥ stag≥s of r≥pro≤uctiv≥ cycl≥ (Figur≥ 
ı(c)). Th≥ ≤istribution of this ≥nzym≥ was mo≤≥rat≥ 
in th≥ ovarian m≥≤ulla ≤uring pr≥pub≥rtal p≥rio≤ 
whil≥ w≥ak to mo≤≥rat≥ ≤uring all pub≥rtal stag≥s. 
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Similar  obs≥rvations  w≥r≥  r≥cor≤≥≤  by  Bhar≤waj 
an≤ Roy (′İİı) in In≤ian buffalo at ≤iff≥r≥nt ag≥s. 

Th≥ lut≥al c≥lls an≤ bloo≤ v≥ss≥ls in corpus 
lut≥um of lut≥al phas≥ show≥≤ mo≤≥rat≥ r≥actions 
whil≥ strong r≥action was obs≥rv≥≤ in th≥ pr≥gnant 
buffalo≥s  (Figur≥  ı(≤)).  Th≥  high≥r  activity  in 
th≥  pr≥gnant  buffalo≥s  may  b≥  corr≥lat≥≤  with  its 
s≥cr≥tory  activity.  Similar  in≤ings  w≥r≥  r≥port≥≤ 
by Boos ≥t al. (ı988) in cows an≤ Singh an≤ Roy 
(ı999) in buffalo≥s. 

Glucos≥-6- phosphatas≥ (G-6-Pas≥)
Th≥ ≤istribution of G-6-Pas≥ in ovarian 

surfac≥ ≥pith≥lium, tunica albugin≥a an≤ cortical 
stroma  of  pr≥pub≥rtal  an≤  pub≥rtal  buffalo≥s  was 
w≥ak whil≥ it was mo≤≥rat≥ in th≥ primor≤ial an≤ 
primary follicl≥s. Follicular c≥lls of primary follicl≥ 
an≤ granulosa c≥lls of s≥con≤ary follicl≥s show≥≤ 
strong to int≥ns≥ r≥action (Figur≥ ı(≥)). Granulosa 
c≥lls  show≥≤  strong  activity  whil≥  th≥  th≥ca  c≥lls 
≥xhibit≥≤ w≥ak activity (Figur≥ ı(f)). Th≥ activity 
of  this  ≥nzym≥  was  w≥ak≥r  in  th≥  pr≥pub≥rtal 
buffalo≥s than that ≤uring follicular, lut≥al an≤ 
pr≥gnant animals. Th≥ activity of this ≥nzym≥ was 
w≥ak to mo≤≥rat≥ in th≥ ovarian m≥≤ulla c≥lls. Th≥ 
in≤ings of th≥ pr≥s≥nt stu≤y w≥r≥ support≥≤ by th≥ 
obs≥rvations of Bhattacharya an≤ Saigal (ı99İ) in 
goats.

Th≥ lut≥al c≥lls of corpus lut≥um ≥xhibit≥≤ 
mo≤≥rat≥ r≥action both ≤uring lut≥al phas≥ an≤ 
in pr≥gnant buffalo≥s. Th≥ mo≤≥rat≥ activity of 
this ≥nzym≥ in≤icat≥≤ b≥tt≥r glucos≥ m≥tabolism 
in c≥lls un≤≥rgoing st≥roi≤ synth≥sis. G-6-Pas≥ 
≥nzym≥ is r≥sponsibl≥ for glucos≥ m≥tabolism an≤ 
may  b≥  associat≥≤  with  st≥roi≤  synth≥sis  of  th≥ 
c≥lls.

Oxi≤or≥≤uctas≥s an≤ ≤≥hy≤rog≥nas≥s
Glucos≥-6-phosphatas≥ ≤≥hy≤rog≥nas≥ (G-6-
PD)

Th≥ surfac≥ ≥pith≥lium, tunica albugin≥a 
an≤  cortical  stroma  ≥xhibit≥≤  w≥ak  activity  of 
G-6-PD whil≥ mo≤≥rat≥ r≥action was obs≥rv≥≤ in 
th≥ primor≤ial an≤ primary follicl≥s ≤uring all th≥ 
stag≥s  of  buffalo≥s  (Figur≥  ′(a)).  Th≥  m≥mbrana 
granulosa c≥lls ≥xhibit≥≤ strong r≥action of G-6-PD 
whil≥ th≥ca c≥lls show≥≤ w≥ak to mo≤≥rat≥ r≥action 
≤uring follicular an≤ lut≥al phas≥s of th≥ ≥strous 
cycl≥  (Figur≥  ′(b)).  Th≥  ≥nzym≥  is  r≥sponsibl≥ 
for conv≥rsion of glucos≥ to ac≥tyl co≥nzym≥-A, 
which  is  utiliz≥≤  for  th≥  activ≥  synth≥sis  of  fatty 
aci≤s  an≤  st≥roi≤s.  Similar  obs≥rvations  w≥r≥ 
r≥cor≤≥≤ by Bhar≤waj an≤ Roy (′İİıa) in buffalo 
ovary at ≤iff≥r≥nt ag≥ groups.

Th≥ capsul≥, stroma an≤ bloo≤ v≥ss≥ls w≥r≥ 
≤≥voi≤ of G-6-PD activity. Micro granular r≥action 
of  mo≤≥rat≥  int≥nsity  was  ≥xhibit≥≤  by  th≥  lut≥al 
c≥lls ≤uring lut≥al phas≥ an≤ in pr≥gnant animals 
(Figur≥ ′(c)). Th≥ obs≥rvations of th≥ pr≥s≥nt stu≤y 
w≥r≥  in  consonanc≥  with  that  of  Roy  an≤  Saigal 
(ı985) in pr≥gnant sh≥≥p ovary.

Succinat≥ ≤≥hy≤rog≥nas≥ (SDH)
Th≥  activity  of  SDH  ≥nzym≥  was  not 

appr≥ciabl≥ in surfac≥ ≥pith≥lium, tunica albugin≥a 
an≤ cortical stroma of pr≥pub≥rtal buffalo ovary 
an≤  w≥ak  r≥action  was  obs≥rv≥≤  ≤uring  pub≥rtal 
stag≥ (Figur≥ ′(≤)). R≥action was mo≤≥rat≥ in th≥ 
primor≤ial  an≤  primary  follicl≥s.  In  th≥  growing 
an≤ t≥rtiary follicl≥s ≤uring follicular phas≥ 
an≤ lut≥al phas≥ of ≥strous cycl≥, th≥ca c≥lls 
≥xhibit≥≤ w≥ak r≥action ≤uring pr≥pub≥rtal p≥rio≤ 
whil≥  it  was  mo≤≥rat≥  ≤uring  th≥  pub≥rtal  stag≥s 
wh≥r≥as granulosa c≥lls ≥xhibit≥≤ strong granular 
r≥action  (Figur≥  ′(≥)).  SDH  plays  important  rol≥ 
in  st≥roi≤og≥n≥sis  as  it  b≥ing  clos≥ly  link≥≤  to 
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cytochrom≥ syst≥m (Motta an≤ Haf≥z, ı98İ).
  Lut≥al  c≥lls  of  buffalo  ovary  ≥xhibit≥≤ 

mo≤≥rat≥ to strong r≥action of SDH in th≥ lut≥al 
phas≥  of  ≥strous  cycl≥  whil≥  it  was  strong  in  th≥ 
pr≥gnant  animals  (Figur≥  ′(f)).  Th≥  r≥action  was 
p≥rinucl≥ar an≤ granular in natur≥. Similar in≤ings 
w≥r≥  ma≤≥  by  Singh  an≤  Roy  (′İİı)  in  buffalo 
corpus lut≥um. Th≥ high≥r ≥nzym≥ activity may 
corr≥spon≤ to th≥ high≥r s≥cr≥tory activity of th≥ 
lut≥al c≥lls.

Glutamat≥ ≤≥hy≤rog≥nas≥ (GLD)
Th≥  activity  of  GLD  was  n≥gligibl≥  in 

th≥ surfac≥ ≥pith≥lium, tunica albugin≥a an≤ 
cortical  stroma.  A  w≥ak  r≥action  was  obs≥rv≥≤ 
in th≥ primor≤ial an≤ primary follicl≥s ≤uring all 
th≥ stag≥s of r≥pro≤uction. Th≥ th≥ca c≥lls an≤ 
m≥mbrana  granulosa  c≥lls  show≥≤  mo≤≥rat≥  to 
strong r≥action ≤uring follicular whil≥ lut≥al phas≥ 
of  pub≥rtal  buffalo≥s  (Figur≥  ′(g)).  Th≥  ovarian 
m≥≤ulla show≥≤ mo≤≥rat≥ GLD activity whil≥ th≥ 
bloo≤  v≥ss≥ls  r≥v≥al≥≤  w≥ak  activity.  Th≥  lut≥al 
c≥lls  show≥≤  w≥ak  activity  of  GLD  both  ≤uring 
lut≥al phas≥ an≤ in pr≥gnant animals.  Similar 
obs≥rvations hav≥ b≥≥n r≥cor≤≥≤ by Bhar≤waj an≤ 
Roy (′İİıb) in buffalo≥s.

Lactic ≤≥hy≤rog≥nas≥ (LDH)
Th≥ activity of LDH was w≥ak in th≥ surfac≥ 

≥pith≥lium, tunica albugin≥a an≤ cortical stroma 
was  w≥ak  to  mo≤≥rat≥  r≥action  was  obs≥rv≥≤  in 
th≥ primor≤ial an≤ primary follicl≥s ≤uring all th≥ 
stag≥s  of  buffalo≥s  (Figur≥  ′(h)).  Th≥  m≥mbran≥ 
granulosa c≥lls an≤ th≥ca c≥lls ≥xhibit≥≤ mo≤≥rat≥ 
r≥action of LDH ≤uring follicular an≤ whil≥ w≥ak 
≤uring  lut≥al  phas≥  of  th≥  ≥strous  cycl≥  (Figur≥ 
′(i)). Th≥ ≥nzym≥ is r≥sponsibl≥ for conv≥rsion of 
glucos≥ to ac≥tyl co≥nzym≥-A, which is utiliz≥≤ for 
th≥ activ≥ synth≥sis of fatty aci≤s an≤ st≥roi≤s. Th≥ 

obs≥rvations of th≥ pr≥s≥nt stu≤y ar≥ in consonanc≥ 
with that of Roy an≤ Saigal (ı985) in sh≥≥p.

Lut≥al  c≥lls  show≥≤  micro  granular 
r≥action  of  LDH  both  ≤uring  lut≥al  phas≥  an≤  in 
pr≥gnant buffalo≥s. Th≥ capsul≥, stromal c≥lls 
an≤ bloo≤ v≥ss≥ls ha≤ n≥gligibl≥ r≥action. Similar 
obs≥rvations w≥r≥ ma≤≥ by Singh an≤ Roy (ı996). 
Th≥ activity of this ≥nzym≥ may b≥ corr≥lat≥≤ with 
th≥ synth≥sis of st≥roi≤ hormon≥ by lut≥al c≥lls.

Diaphoras≥s
NADH ≤iaphoras≥s

Th≥  activity  of  NADH-≤iaphoras≥  was 
w≥ak to mo≤≥rat≥ in th≥ surfac≥ ≥pith≥lium, tunica 
albugin≥a an≤ cortical stroma in pr≥pub≥rtal 
buffalo≥s wh≥r≥as mo≤≥rat≥ r≥action in th≥ pub≥rtal 
animals  (Figur≥  ″(a)).  Mo≤≥rat≥  r≥action  was 
obs≥rv≥≤ in th≥ primor≤ial an≤ primary follicl≥s 
≤uring  th≥  pub≥rtal  p≥rio≤  whil≥  a  strong  activity 
was ≥xhibit≥≤ in th≥ ovary ≤uring follicular phas≥.

Strong  to  int≥ns≥  activity  was  r≥cor≤≥≤ 
in th≥ th≥ca c≥lls an≤ m≥mbran≥ granulosa c≥lls 
of  growing  an≤  t≥rtiary  follicl≥s  ≤uring  follicular 
phas≥ (Figur≥ ″(b)). Th≥ m≥≤ulla of ovary show≥≤ 
mo≤≥rat≥ r≥action whil≥ th≥ bloo≤ v≥ss≥ls show≥≤ 
w≥ak r≥action.  Similar obs≥rvations w≥r≥ ma≤≥ by 
Bhar≤waj an≤ Roy (′İİ″). Th≥ ≥nzym≥ is r≥lat≥≤ 
with  th≥  st≥roi≤og≥nic  activity.  Guraya  (ı985) 
r≥port≥≤ that th≥ inn≥r lay≥r of granulosa c≥lls of 
pr≥antral follicl≥s ha≤ mor≥ activity than th≥ out≥r 
lay≥r.
 Th≥ lut≥al c≥lls ≥xhibit≥≤ strong to int≥ns≥ 
r≥action of NADH-≤iaphoras≥ in pr≥gnant animals 
whil≥  mo≤≥rat≥  to  strong  r≥action  was  obs≥rv≥≤ 
in  th≥  corpus  lut≥um  ≤uring  lut≥al  phas≥  (Figur≥ 
″(c)).  Th≥  w≥ak  to  mo≤≥rat≥  activity  was  also 
obs≥rv≥≤ in th≥ conn≥ctiv≥ tissu≥ compon≥nts an≤ 
bloo≤ v≥ss≥ls. Similar obs≥rvations w≥r≥ r≥cor≤≥≤ 
by Singh an≤ Roy (ı996) in In≤ian buffalo≥s. 
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NADPH ≤iaphoras≥s
Th≥ activity of NADPH-≤iaphoras≥ 

was  n≥gligibl≥  in  th≥  surfac≥  ≥pith≥lium,  tunica 
albugin≥a an≤ cortical stroma in all stag≥s of 
buffalo≥s.  Mo≤≥rat≥  to  strong  r≥action  was 
obs≥rv≥≤ in th≥ primor≤ial an≤ primary follicl≥s 
≤uring th≥ pr≥pub≥rtal, follicular phas≥ an≤ lut≥al 
phas≥  but  was  w≥ak  in  pr≥gnant  animals  (Figur≥ 
″(≤)).

Mo≤≥rat≥ activity was obs≥rv≥≤ m≥mbrana 
granulosa  c≥lls  of  growing  an≤  t≥rtiary  follicl≥s 
≤uring  follicular  an≤  lut≥al  phas≥  whil≥  strong 
activity  was  s≥≥n  in  th≥  th≥ca  c≥lls  (Figur≥  ″(≥)). 
Similar  obs≥rvations  w≥r≥  ma≤≥  by  Bhar≤waj 
an≤  Roy  (′İİıb).  Th≥  ovarian  m≥≤ulla  of  ovary 
show≥≤ mo≤≥rat≥ r≥action whil≥ th≥ bloo≤ v≥ss≥ls 
show≥≤ w≥ak r≥action.  Roy an≤ Saigal (ı985) also 
r≥port≥≤ w≥ak activity in bloo≤ v≥ss≥ls in ovarian 
m≥≤ulla of sh≥≥p. Th≥ ≥nzym≥ is r≥lat≥≤ with th≥ 
st≥roi≤og≥nic activity. Th≥ ≥nzym≥ is r≥sponsibl≥ 
in st≥roi≤ogn≥sis by conv≥rting chol≥st≥rol to 
prog≥st≥ron≥ (Sor≥ns≥n an≤ Singh, ı97″). 

Mo≤≥rat≥ to strong r≥action was obs≥rv≥≤ in 
th≥ lut≥al c≥lls in corpus lut≥um ≤uring lut≥al phas≥ 
an≤ in pr≥gnant animals (Figur≥ ″(f)). As r≥port≥≤ 
by Singh an≤ Roy (ı996) in buffalo≥s an≤ Roy an≤ 
Saigal (ı985) in sh≥≥p. Th≥ incr≥as≥≤ activity of 
NADPH ≤uring lut≥al phas≥ an≤ pr≥ngnancy might 
b≥ corr≥lat≥≤ to incr≥as≥≤ s≥cr≥tory activity of c≥lls 
as th≥ ≥nzym≥ is r≥sponsibl≥ for conv≥rsion of 
chol≥st≥rol to prog≥st≥ron≥ (Sor≥ns≥n an≤ Singh, 
ı97″) an≤ fatty aci≤ synth≥sis (Hoy≥r ı98İ).

Monoamin≥ oxi≤as≥
Th≥  MAO  activity  was  n≥gligibl≥  in  th≥ 

surfac≥ ≥pith≥lium, tunica albugin≥a an≤ cortical 
stroma  an≤  w≥ak  in  th≥  primor≤ial  an≤  primary 
follicl≥s in pr≥pub≥rtal an≤ wh≥r≥as it was w≥ak to 
mo≤≥rat≥  in  pub≥rtal  buffalo≥s  (Figur≥  4(a)). Th≥ 

granulosa c≥lls an≤ th≥ca c≥lls ≤uring follicular 
an≤ lut≥al phas≥ of ≥strous cycl≥ ≥xhibit≥≤ w≥ak to 
mo≤≥rat≥  activity  of  MAO.  Strong  MAO  activity 
was obs≥rv≥≤ in th≥ int≥rstitial glan≤ pr≥s≥nt in th≥ 
m≥≤ulla of ovary ≤uring follicular an≤ pr≥gnant 
animals  (Figur≥  4(b)).  Yoshimoto ≥t al. (ı986) 
r≥cor≤≥≤ high≥st activity in bloo≤ v≥ss≥ls of 
pro≥strous rat an≤ postulat≥≤ its rol≥ in ovulation.

MAO  activity  was  n≥gligibl≥  in  th≥ 
conn≥ctiv≥  tissu≥  capsul≥.  Lut≥al  c≥lls  ≥xhibit≥≤ 
w≥ak activity ≤uring lut≥al phas≥ whil≥ th≥ r≥action 
was  mo≤≥rat≥  in  pr≥gnant  animals  (Figur≥  4(c)). 
MAO  is  involv≥≤  in  th≥  proc≥ss  of  vaso≤ilation 
(Ra≥kallio,  ı97İ).  Its  rol≥  in  th≥  corpus  lut≥um 
of  pr≥gnant  animals  may  b≥  r≥lat≥≤  to  ≥fici≥nt 
≤≥liv≥ry of this hormon≥. It is also involv≥≤ in th≥ 
biological oxi≤ation an≤ r≥≤uction for th≥ ≥n≥rgy 
pro≤uction  which  is  r≥quir≥≤  for  st≥roi≤og≥n≥sis 
(Singh an≤ Roy, ı996)

Non Sp≥ciic Est≥ras≥s (NSE)
Th≥ surfac≥ ≥pith≥lium, tunica albugin≥a 

an≤ cortical stroma ≥xhibit≥≤ n≥gligibl≥ NSE 
activity an≤ th≥ primor≤ial an≤ primary follicl≥s 
show≥≤ w≥ak r≥action in in pr≥pub≥rtal an≤ pub≥rtal 
buffalo≥s.  Th≥  NSE  activity  was  mo≤≥rat≥  in  th≥ 
th≥ca c≥lls of t≥rtiary follicl≥s ≤uring follicular 
phas≥, lut≥al phas≥ an≤ in pr≥gnant buffalo≥s whil≥ 
it  was  w≥ak  in  th≥  pr≥pub≥rtal  buffalo≥s  (Figur≥ 
5(a)  an≤  5(b)). Th≥  r≥activity was  micro  granular 
in natur≥. Th≥ granulosa c≥lls ≥xhibit≥≤ strong 
r≥activity in th≥ follicular an≤ lut≥al phas≥ of th≥ 
≥strous cycl≥. Bhatttacharya an≤ Saigal (ı99İ) also 
obs≥rv≥≤ mo≤≥rat≥ to strong activity in th≥ th≥cal 
c≥lls  of  goat  ovarian  follicl≥s.  Ovarian  m≥≤ulla 
show≥≤  mo≤≥rat≥  to  strong  r≥action  whil≥  th≥ 
bloo≤ v≥ss≥ls show≥≤ w≥ak r≥action.

Lut≥al  c≥lls  ≤uring  lut≥al  phas≥  an≤ 
pr≥gnant buffalo≥s ≥xhibit≥≤ strong r≥action 
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Figur≥ ı. R≥pr≥s≥ntativ≥ cryostat s≥ctions showing phosphatas≥ ≥nzym≥ activity, Azo Dy≥ m≥tho≤ for AKPas≥ 
an≤. (a) AKPas≥ activity in surfac≥ ≥pith≥lium (arrow), n≥gligibl≥ activity in tunica albugin≥a (TA) 
an≤ strong r≥action in primor≤ial (P) an≤ primary follicl≥s (Pr) of buffalo ovary ≤uring follicular 
phas≥. Original magniication. X ıİİ; ins≥t with AKPas≥ activity in surfac≥ ≥pith≥lium (arrow), 
tunica albugin≥a (TA) an≤ strong r≥action in primor≤ial (P). Original magniication. X 4İİ. (b) 
Strong  to  int≥ns≥  r≥action  of  AKPas≥  in  granulosa  c≥lls  (GC)  an≤  th≥ca  c≥lls  (TC).  Original 
magniication x 4İİ. (c) Strong to int≥ns≥ r≥action of AKPas≥ in oocyt≥ (O) an≤ corona ra≤iata 
c≥lls (RC). Original magniication x 4İİ. (≤) Strong r≥action of AKPas≥ in corpus lut≥um. Original 
magniication x ıİİ. Ins≥t showing strong r≥action in larg≥ lut≥al c≥lls (LLC) an≤ small lut≥al c≥lls 
(SLC) an≤ w≥ak r≥action in r≥gr≥ssing lut≥al c≥ll (RLC). Original magniication x 4İİ. (≥) Glucos≥ 
6-Pas≥ activity in primary follicl≥ (PR) an≤ s≥con≤ary follicl≥ (SF). Original magniication x ıİİ. 
(f) Glucos≥ 6-Pas≥ activity in granulosa c≥lls of t≥rtiary follicl≥s (GC) an≤ w≥ak r≥action in th≥ca 
c≥lls (TC). Original magniication x 4İİ.
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Figur≥ ′. R≥pr≥s≥ntativ≥ cryostat s≥ctions showing activity of ≤≥hy≤rog≥nas≥s, Nitro BT m≥tho≤. (a), (b) 
an≤ (c) showing G-6-PD≥nzym≥ activity; mo≤≥rat≥ ≥nzym≥ r≥action in primor≤ial (P) an≤ primary 
follicl≥s (PR), w≥ak activity in th≥ca c≥lls (TC) an≤ int≥ns≥ r≥action in granulosa c≥lls (GC) of t≥rtiary 
follicl≥s; an≤ w≥ak activity in conn≥ctiv≥ tissu≥ s≥pta an≤ int≥ns≥ in lut≥al c≥lls in par≥nchyma of 
corpus lut≥um of  buffalo. Original magniication (a) X 4İİ; (b) x4İ, ins≥t x 4İİ an≤ (c) x4İİ; 
(≤), (≥) an≤ (f) showing SDH ≥nzym≥ activity; W≥ak activity in surfac≥ ≥pith≥lium (arrow), tunica 
albugin≥a an≤ mo≤≥rat≥ to strong in primor≤ial follicl≥ (P) an≤ primary follicl≥s, strong to int≥ns≥ 
in th≥ m≥mbran≥ granulosa c≥lls (GC) an≤ mo≤≥rat≥ in th≥ th≥ca c≥lls (TC), int≥ns≥ r≥action in th≥ 
lut≥al c≥lls in corpus lut≥um. Original magniication (≤) X 4İİ; (≥) x4İİ, ins≥t x 4İİ an≤ (f) xıİİ 
an≤ ins≥t x4İİ. (g) Showing GLD ≥nzym≥ activity in th≥ m≥mbran≥ granulosa c≥lls (GC). Original 
magniication x4İİ. (h) an≤ (i) showing LDH ≥nzym≥ activity; W≥ak activity in surfac≥ ≥pith≥lium 
(arrow), mo≤≥rat≥ to strong in primo≤ial follicl≥ (P) an≤ primary follicl≥s, strong to int≥ns≥ in th≥ 
m≥mbran≥ granulosa c≥lls (GC) an≤ mo≤≥rat≥ in th≥ th≥ca c≥lls (TC), int≥ns≥ r≥action in th≥ lut≥al 
c≥lls in corpus lut≥um. Original magniication (≤) X 4İİ; (≥) x4İİ, ins≥t x 4İİ an≤ (f) xıİİ an≤ 
ins≥t x4İİ.
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Figur≥ ″. R≥pr≥s≥ntativ≥ cryostat s≥ctions showing activity of ≤iaphoras≥s, Nitro BT m≥tho≤. (a), (b) an≤ (c) 
showing NADH≤ activity an≤ (≤), (≥) an≤ (f) showing NADPH≤ ≥nzym≥ activity; w≥ak to mo≤≥rat≥ 
≥nzym≥  r≥action  in  surfac≥  ≥pith≥lium  (arrow)  an≤  tunica  albugin≥a  (TA),  mo≤≥rat≥  activity  in 
th≥ca c≥lls (TC) an≤ oocyt≥ (O) an≤ int≥ns≥ r≥action in granulosa c≥lls (GC) of t≥rtiary follicl≥s; 
an≤ w≥ak activity in conn≥ctiv≥ tissu≥ s≥pta (CT) an≤ int≥ns≥ in lut≥al c≥lls(L) in par≥nchyma of 
corpus lut≥um of  buffalo. Original magniication (a) X 4İİ; (b) x4İ, ins≥t x 4İİ an≤ (c), (≤) an≤ 
(f) x4İİ.

Figur≥ 4. R≥pr≥s≥ntativ≥ cryostat s≥ction of buffalo ovary showing w≥ak MAO activity in cortical zon≥ (a) 
mo≤≥rat≥ to strong in m≥≤ullary zon≥ (b) strong activity in lut≥al c≥lls in pr≥gnant buffalo (c). Nitro 
BT m≥tho≤.  Original magniication x4İİ.
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for  NSE  whil≥  th≥  conn≥ctiv≥  tissu≥  ≥xhibit≥≤ 
n≥gligibl≥  or  w≥ak  r≥actions.  Th≥  r≥activity  was 
micro granular in natur≥ in th≥ cytoplasm of th≥ 
lut≥al  c≥lls.  Similar  obs≥rvations  w≥r≥  r≥port≥≤ 
by Bhattacharya an≤ Saigal (ı99İ) in sh≥≥p an≤ 
Bhar≤waj an≤ Roy (′İİ″a) in buffalo≥s.
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ABSTRACT

Th≥ pr≥s≥nt stu≤y was ≤≥sign≥≤ to 
inv≥stigat≥ th≥ inci≤≥nc≥ of r≥t≥ntion of f≥tal 
m≥mbran≥s (RFM) on 6İ5 buffalo≥s at ′n≤ to 5th 
calving with normal calving, pr≥matur≥ birth an≤ 
abortion. Th≥ normally calv≥≤ buffalo≥s with 
r≥t≥ntion of f≥tal m≥mbran≥s (aft≥r ı′ h) w≥r≥ 
ran≤omly  classii≥≤  in  tr≥atm≥nt  (n  =  6)  an≤ 
control (n = 6) groups. Th≥ buffalo≥s in tr≥atm≥nt 
group w≥r≥ a≤minist≥r≥≤ Dinoprost (PGF′α 
analogu≥, ′5 mg); M≥loxicam (anti-inlammatory 
≤rug İ.5 mg/kg bo≤y w≥ight,); Oxyt≥tracyclin≥ 
(Broa≤sp≥ctrum antibiotics, 5 mg/kg bo≤y w≥ight) 
intramuscularly an≤ intrav≥nous calcium th≥rapy 
(Calcium gluconat≥, ı.86% w/v; Magn≥sium 
hypophosphit≥, 5% w/v; D≥xtros≥ anhy≤rous, 
′İ% w/v; Chlorocr≥sol İ.ı% w/v, 45İ ml) aft≥r 
ı′ aft≥r calving. Th≥ inci≤≥nc≥ of r≥t≥ntion of 
f≥tal m≥mbran≥s in buffalo≥s was 9.98 %, ″4.6ı% 
an≤ 46.87% in normal calving, pr≥matur≥ birth 
an≤ abortion, r≥sp≥ctiv≥ly. Th≥ ov≥rall inci≤≥nc≥ 
of  RFM  was  ı4.İ4%.  Th≥r≥  was  signiicant  ris≥ 
in th≥ l≥v≥l of calcium (P<İ.İı), phosphorus 
(P<İ.İ5) an≤ magn≥sium (P<İ.İ5) on ≤ay ″İ an≤ 

≤ay 45 in tr≥atm≥nt than control group. How≥v≥r, 
th≥r≥  was  no  signiicant  ≤iff≥r≥nc≥  obs≥rv≥≤  in 
l≥v≥l of glucos≥, NEFA an≤ prog≥st≥ron≥ b≥tw≥≥n 
tr≥atm≥nt an≤ control group on ≤ay İ, ″İ an≤ 45. 
RFM is consi≤≥r≥≤ as on≥ of th≥ major probl≥m 
with high≥r inci≤≥nc≥ in pr≥matur≥ birth an≤ 
abortions by ultimat≥ly aff≥cting th≥ r≥pro≤uctiv≥ 
≥fici≥ncy in buffalo≥s. 

K≥ywor≤s: Bubalus  bubalis,  buffalo≥s,  
bioch≥mical, f≥tal m≥mbran≥ r≥t≥ntion, hormon≥, 
inci≤≥nc≥ 

INTRODUCTION

Buffalo≥s ar≥ high pro≤ucing animals 
(Khan ≥t al., ′İİ4) an≤ ar≥ consi≤≥r≥≤ “Black 
Diamon≤” as contributing mor≥ than half of 
th≥ total milk pro≤uction in In≤ia. Various 
r≥pro≤uctiv≥ ≤isor≤≥rs cr≥ating hin≤ranc≥ in th≥ 
≥xploitation of its pro≤uction pot≥ntial an≤ thus 
poor  r≥pro≤uctiv≥  ≥fici≥ncy  r≥main≥≤  a  major 
≥conomic conc≥rn in t≥rms of r≥≤uc≥≤ f≥rtility, low 
lif≥ tim≥ pro≤uction, long≥r calving int≥rval an≤ 

BIOCHEMICAL AND HORMONAL PROFILES IN BUFFALOES 
WITH RETAINED FETAL MEMBRANES 

San≤≥≥p In≤urkarı, R.P. Tiwariı, M≥≥nu Dub≥y′, J.R. Khan″ an≤ G.K. Mishraı,*
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incr≥as≥≤ m≥≤ication costs in farm animals (Sama≤ 
≥t al., ı987). R≥tain≥≤ f≥tal m≥mbran≥s (RFM) in 
buffalo≥s constitut≥s on≥ of th≥ major postpartum 
complications l≥a≤ing to s≥v≥r≥ ≥n≤om≥tritis, 
m≥tritis, pyom≥tra, p≥rim≥tritis, ovaritis (Rob≥rts, 
ı97ı), cystitis an≤ p≥ritonitis (W≥th≥rill, ı965) an≤ 
vaginal prolaps≥ (O≤≥gar≤, ı977) pron≥ to ≤rastic 
milk r≥≤uction an≤ poor f≥mal≥ f≥rtility (Lav≥n 
an≤ P≥t≥rs, ı996) charact≥riz≥≤ by prolong≥≤ 
calving int≥rvals (Joost≥n ≥t al., ı988) an≤ r≥p≥at 
br≥≥≤ing (Narsiinhan an≤ D≥opurkar, ı994). Th≥ 
rol≥ of c≥rtain bioch≥mical constitu≥nt’s glucos≥, 
s≥rum total prot≥in an≤ macro-min≥rals in various 
r≥pro≤uctiv≥ proc≥ss≥s hav≥ b≥≥n w≥ll ≤ocum≥nt≥≤ 
(Quayam≥ ≥t al., ı985) in buffalo≥s. Disturbanc≥ of 
≥n≤ocrin≥ function, high prog≥st≥ron≥ an≤ cortisol 
an≤ low ≥stra≤iol l≥v≥ls w≥r≥ trac≥≤ in bloo≤ of 
animals with RFM (Michal ≥t al., ′İİ6). Th≥r≥for≥, 
th≥ pr≥s≥nt r≥s≥arch work was ≤≥sign≥≤ to stu≤y 
th≥ inci≤≥nc≥ of r≥t≥ntion of f≥tal m≥mbran≥s in 
buffalo with normal parturition, pr≥matur≥ birth 
an≤ abortion an≤ its association with bioch≥mical 
an≤ hormon≥ proil≥s.

MATERIALS AND METHODS

Th≥ stu≤y was con≤uct≥≤ on 6İ5 buffalo≥s 
at ′n≤ to 5th calving in Durg an≤ Rajnan≤gaon ≤istricts 
of Chhattisgarh stat≥ to calculat≥ th≥ inci≤≥nc≥ 
of r≥t≥ntion of f≥tal m≥mbran≥s with normal 
parturition, pr≥matur≥ birth an≤ abortion. Th≥ 
normally calv≥≤ buffalo≥s with r≥t≥ntion of f≥tal 
m≥mbran≥s  (aft≥r  ı′  h)  w≥r≥  ran≤omly  classii≥≤ 
in tr≥atm≥nt (n = 6) an≤ control (n = 6) groups. Th≥ 
buffalo≥s in tr≥atm≥nt group w≥r≥ a≤minist≥r≥≤ 
Dinoprost (PGF′α  analogu≥,  ′5  mg);  M≥loxicam 
(anti-inlammatory ≤rug İ.5 mg/kg bo≤y w≥ight,); 
Oxyt≥tracyclin≥ (Broa≤sp≥ctrum antibiotics, 5 mg/

kg bo≤y w≥ight) intramuscularly an≤ intrav≥nous 
calcium th≥rapy (Calcium gluconat≥, ı.86% w/v; 
Magn≥sium hypophosphit≥, 5% w/v; D≥xtros≥ 
anhy≤rous, ′İ% w/v; Chlorocr≥sol İ.ı% w/v, 45İ 
ml) aft≥r ı′ aft≥r calving. How≥v≥r, th≥ buffalo≥s in 
control group w≥r≥ not giv≥n any tr≥atm≥nt. Bloo≤ 
sampl≥s w≥r≥ coll≥ct≥≤ ran≤omly in vaccutain≥r 
tub≥s by jugular v≥in punctur≥ as≥ptically aft≥r  
ı′ h (≤ay İ); ″İ ≤ays an≤ 45 ≤ays from both 
tr≥atm≥nt an≤ control group in normally calv≥≤ 
buffalo≥s with r≥t≥ntion of f≥tal m≥mbran≥s. 
Bloo≤ sampl≥s w≥r≥ allow≥≤ to clot at 4oC for  
′4 h an≤ th≥n c≥ntrifug≥≤ at ″İİİ rpm for  
′İ minut≥s in r≥frig≥rat≥≤ c≥ntrifug≥ machin≥. 
S≥rum was pour≥≤ into sampl≥ tub≥s an≤ stor≥≤ 
at -′İoC until analysis. Bloo≤ glucos≥ was 
≥stimat≥≤ by th≥ glucom≥t≥r imm≥≤iat≥ly aft≥r 
coll≥ction through strip m≥tho≤. S≥rum calcium 
an≤ phosphorus w≥r≥ analyz≥≤ through ≤iagnostic 
kit by s≥mi auto-analyz≥r (Systronics In≤ia Lt≤.). 
S≥rum conc≥ntration of magn≥sium was ≤≥t≥rmin≥≤ 
by Titan Y≥llow m≥tho≤ (N≥ill an≤ N≥≥ly, ı956), 
NEFA was ≤≥t≥rmin≥≤ by soap ≥xtraction m≥tho≤ 
(chloroform: h≥ptan≥: m≥thanol, 49:49:′) as p≥r 
Ship≥ ≥t al. (ı98İ) an≤ prog≥st≥ron≥ by Ra≤io 
Immun≥ Assay (RIA; Kubasic ≥t al., ı984). 
In≤≥p≥n≤≥nt ‘t’ t≥st was carri≥≤ out with th≥ h≥lp of 
SPSS comput≥r softwar≥. 

RESULTS AND DISCUSSION

Normal calvings w≥r≥ r≥cor≤≥≤ 86.ıı% 
(5′ı/6İ5) in buffalo≥s whil≥ th≥ inci≤≥nc≥ of 
pr≥matur≥ birth an≤ abortion was 8.5″% (5′/6İ5) 
an≤ 5.′8% (″′/6İ5), r≥sp≥ctiv≥ly. Th≥ inci≤≥nc≥ 
of r≥t≥ntion of f≥tal m≥mbran≥s was 9.98% 
(5′/5′ı), ″4.6ı% (ı8/5′) an≤ 46.87% (ı5/″′) 
in normal calving, pr≥matur≥ birth an≤ abortion, 
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r≥sp≥ctiv≥ly. Th≥ ov≥rall inci≤≥nc≥ of r≥t≥ntion of 
f≥tal m≥mbran≥ in buffalo≥s was ı4.İ4% (85/6İ5). 
Th≥  pr≥s≥nt  in≤ing  approximat≥s  th≥  in≤ings  of 
Kumar an≤ Kumar (ı995); Arthur (ı979), Whil≥ 
Salisbury an≤ Van D≥nmark (ı96ı); Mc Donal≤ 
(ı969) r≥port≥≤ th≥ inci≤≥nc≥ of r≥t≥ntion of 
plac≥nta as 5 to ı5% an≤ ıİ%, in normal calvings, 
r≥sp≥ctiv≥ly. Gautam (′İİİ) r≥port≥≤ 6.İ9% 
(′4/″94) inci≤≥nc≥ of r≥t≥ntion of f≥tal m≥mbran≥s 
in buffalo≥s. Th≥ inci≤≥nc≥ of r≥t≥ntion of f≥tal 
m≥mbran≥s in buffalo≥s is aff≥ct≥≤ by numb≥r of 
factors viz parity, twins an≤ pr≥matur≥ births; h≥r≤ 
to h≥r≤, s≥ason, nutritional status (Chou≤hury ≥t 
al., ı99″), str≥ss an≤ w≥aning practic≥s (Azawi ≥t 
al., ′İİ8; Akar an≤ Y≥l≤iz, ′İİ5). 

Bioch≥mical  an≤  prog≥st≥ron≥  proil≥s 
in normally calv≥≤ buffalo≥s with r≥tain≥≤ 
f≥tal m≥mbran≥s ar≥ pr≥s≥nt≥≤ in Tabl≥ ı. Th≥ 
m≥an l≥v≥l of glucos≥ (mg/≤l) on İ ≤ay (start 

of tr≥atm≥nt i.≥. ı′ h aft≥r calving), ″İ an≤ 45 
≤ays (58.66α4.4ı vs 56.8″α5.69; 7ı.ı6α4.5′ 
vs 69.66α5.4″ an≤ 67.66α4.″8 vs 65.İα4.66); 
calcium (8.7αİ.′7 vs 7.88αİ.44; ıİ.″5αİ.8İ vs 
8.İ6αİ.59 an≤ ıı.46αİ.69 vs 8.İ6αİ.″İ mg/≤l); 
Phosphorus (″.′′αİ.″8 vs ″.İ9αİ.′7; ″.5′αİ.″′ 
vs ″.′İαİ.″İ an≤ ″.7İαİ.4′ vs ″.′6αİ.′ımg/≤l); 
magn≥sium (ı.95αİ.İ′ vs ı.9αİ.İı; ′.″ıαİ.İı 
vs ı.95αİ.ı6 an≤ ′.46αİ.İı vs ′.İ7αİ.İı mg/
≤l); NEFA (İ.İ4αİ.İ′ vs İ.İ8αİ.İ′; İ.İ6αİ.İ″ vs 
İ.İ8αİ.İ4 an≤ İ.İ5αİ.İı vs İ.İ9αİ.İ4 mM/ml) an≤ 
prog≥st≥ron≥ on ≤ay İ, ″İ an≤ 45 ≤ays (İ.57αİ.ı5 vs 
İ.67αİ.İ9; İ.59αİ.ı9 vs İ.55αİ.İ8 an≤ İ.46αİ.İ7 
vs İ.54αİ.ıİ ng/≤l) was r≥cor≤≥≤ in tr≥atm≥nt an≤ 
control  group,  r≥sp≥ctiv≥ly. Th≥r≥  was  signiicant 
ris≥ in th≥ l≥v≥l of calcium (P<İ.İı), phosphorus 
(P<İ.İ5) an≤ magn≥sium (P<İ.İ5) on ≤ay ″İ an≤ 
≤ay 45 in tr≥atm≥nt than control group. How≥v≥r, 
th≥r≥  was  no  signiicant  ≤iff≥r≥nc≥  obs≥rv≥≤  in 

Tabl≥ ı. Bioch≥mical proil≥ an≤ prog≥st≥ron≥ l≥v≥l in s≥rum of buffalo≥s with r≥t≥ntion of f≥tal m≥mbran≥s  
              (ı′ hr aft≥r calving).
 

Param≥t≥r
İ ≤ays ″İ ≤ays 45 ≤ays

Control 
(n = 6)

Tr≥atm≥nt 
(n = 6 )

Control 
(n = 6)

Tr≥atm≥nt 
(n = 6 )

Control 
(n = 6)

Tr≥atm≥nt 
(n = 6 )

Glucos≥ 
(mg/≤l) 56.8″α5.69 58.66α4.4ı 69.66α5.4″ 7ı.ı6α4.5′ 65.İα4.66 67.66α4.″8
Calcium 
(mg/≤l) 7.88αİ.44 8.7αİ.′7 8.İ6αİ.59 ıİ.″5αİ.8İ** 8.İ6αİ.″İ ıı.46αİ.69**
Phosphorus 
(mg/≤l) ″.İ9αİ.′7 ″.′′αİ.″8 ″.′İαİ.″İ ″.5′αİ.″′* ″.′6αİ.′ı ″.7İαİ.4′*
Magn≥sium 
(mg/≤l) ı.9αİ.İı ı.95αİ.İ′ ı.95αİ.ı6 ′.″ıαİ.İı* ′.İ7αİ.İı ′.46αİ.İı**
NEFA 
(mM/ml) İ.İ8αİ.İ′ İ.İ4αİ.İ′ İ.İ8αİ.İ4 İ.İ6αİ.İ″ İ.İ9αİ.İ4 İ.İ5αİ.İı
Prog≥st≥ron≥ 
(ng/≤l) İ.67αİ.İ9 İ.57αİ.ı5 İ.55αİ.İ8 İ.59αİ.ı9 İ.54αİ.ıİ İ.46αİ.İ7

   In row *valu≥s ≤iff≥r signiicantly (P<İ.İ5) an≤ **≤iff≥r signiicantly (p<İ.İı). 
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l≥v≥l of glucos≥, prog≥st≥ron≥ an≤ NEFA b≥tw≥≥n 
tr≥atm≥nt an≤ control group on ≤ay İ, ″İ an≤ 45. 
Similar  to  our  in≤ings  incr≥as≥  l≥v≥l  of  calcium 
(Dutta an≤ Dugw≥kar, ı98″; Mohanty ≥t al., ı994; 
Man≤ali ≥t al., ′İİ′); Phosphorus (Ban ≥t al., 
ı996; Akar an≤ Yil≤iz, ′İİ5; P≥rumal ≥t al., ′İı″) 
an≤ magn≥sium (Ban ≥t al., ı996; Akar an≤ Yil≤iz, 
′İİ5; Tillar≤ ≥t al., ′İİ8; P≥rumal ≥t al., ′İı″) was 
r≥port≥≤ in tr≥atm≥nt group on ≤ay İ, ″İ an≤ 45. 

Th≥ pr≥s≥nt stu≤y in≤icat≥s that th≥ 
low≥r inci≤≥nc≥ of r≥t≥ntion of f≥tal m≥mbran≥s 
in buffalo≥s with normal calving as compar≥ to 
pr≥matur≥ birth an≤ abortion. Signiicant ris≥ in th≥ 
l≥v≥l of calcium, phosphorus an≤ magn≥sium on 
≤ay ″İ an≤ ≤ay 45 was obs≥rv≥≤ in tr≥at≥≤ animals. 
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Original Articl≥

ABSTRACT

Eight≥≥n appar≥ntly h≥althy pr≥gnant 
buffalo≥s ≤ivi≤≥≤ into thr≥≥ groups accor≤ing 
to g≥stational stag≥s, i.≥. ≥arly, mi≤ an≤ lat≥ 
g≥station w≥r≥ s≥l≥ct≥≤ an≤ bloo≤ sampl≥s w≥r≥ 
coll≥ct≥≤. S≥rum total prot≥in, albumin, globulin 
an≤ A:  G  ratio  w≥r≥  ≥stimat≥≤  along  with  IL-ıβ. 
Th≥  conc≥ntration  of  IL-ıβ  incr≥as≥≤  from  ≥arly 
g≥station to mi≤ g≥station an≤ ≤≥clin≥≤ towar≤s 
lat≥ g≥station. Conc≥ntration of s≥rum total prot≥in, 
albumin, globulin an≤ A: G was high≥st ≤uring 
lat≥ g≥station (8.′″αİ.′6 g/≤l), mi≤-g≥station 
(″.95αİ.ıİ g/≤l/), lat≥ g≥station (4.68αİ.′ı g/≤l/) 
an≤ ≥arly g≥station (İ.84αİ.ı′). Conc≥ntration of 
IL-ıβ, s≥rum total prot≥ins, albumin, globulin an≤ 
A:  G  was  statistically  non-signiicant  ≤uring  all 
thr≥≥ stag≥s of g≥station.

K≥ywor≤s: Bubalus bubalis, buffalo, g≥station, 
int≥rl≥ukin ı β, prot≥in proil≥s 

INTRODUCTION

For ≥stablishm≥nt of pr≥gnancy many 
hormon≥s an≤ factors play important rol≥. But 
apart thos≥ hormon≥s th≥r≥ ar≥ cytokin≥s which 
aff≥ct r≥pro≤uction. Cytokin≥s ar≥ cat≥gory of 

small prot≥ins that ar≥ important in c≥ll signalling. 
Cytokin≥s ar≥ pro≤uc≥≤ by a broa≤ rang≥ of c≥lls, 
inclu≤ing immun≥ c≥lls lik≥ macrophag≥s, B 
lymphocyt≥s, T lymphocyt≥s an≤ mast c≥lls, as w≥ll 
as ≥n≤oth≥lial c≥lls, ibroblasts, an≤ various stromal 
c≥lls. A giv≥n cytokin≥ may b≥ pro≤uc≥≤ by mor≥ 
than on≥ typ≥ of c≥ll. (Lacki≥, ′İıİ; Ib≥lgaufts, 
′İı″). Cytokin≥s ar≥ ≥xpr≥ss≥≤ in a vari≥ty of c≥ll 
typ≥s of th≥ r≥pro≤uctiv≥ syst≥m, although in most 
instanc≥s th≥ir functions ar≥ not un≤≥rstoo≤. Th≥r≥ 
ar≥, how≥v≥r, a f≥w instanc≥s wh≥r≥ a rol≥ in ≥arly 
pr≥gnancy has b≥≥n ≥stablish≥≤. (Mathialagan an≤ 
Rob≥rts, ı994). 

Cytokin≥s r≥gulat≥ pr≥gnancy by both 
autocrin≥ an≤ paracrin≥ m≥chanisms. Th≥ 
inlammatory  cytokin≥s,  int≥rl≥ukins-ıβ  (IL-ıβ), 
IL-6 an≤ IL-8, h≥lp to maintain th≥ trophoblast 
in  ≥arly  pr≥gnancy.  S≥rum  IL-ıβ,  IL-6  an≤  IL-8 
app≥ar to play a major rol≥ ≤uring pr≥gnancy 
(D≥nison ≥t al., ı997; H≥bisch ≥t al., ′İİı; 
Laham ≥t al., ı999; Stallmach ≥t al., ı995), 
towar≤s t≥rm an≤ at ≤≥liv≥ry (Bahar ≥t al., ′İİ″; 
Makhs≥≥≤ ≥t al., ′İİİ; Vassilia≤is ≥t al., ı998), 
notably with incr≥as≥≤ l≥v≥ls in labour (Laham 
≥t al., ı99″; Laham ≥t al., ı996; H≥bisch ≥t al., 
′İİı).  In  humans  an≤  primat≥s, IL-ıβ  was  foun≤ 
to b≥ involv≥≤ in ≥mbryonic implantation an≤ 
≥stablishm≥nt of pr≥gnancy through acting as a 
physiological m≥≤iator of acut≥ phas≥ r≥spons≥ 

INTERLEUKIN ıβ (IL-ı β) AND PROTEIN PROFILE DURING DIFFERENT STAGES OF 
GESTATION IN BUFFALO

A.V. Kulkarniı, A.S. Nagv≥karı, S.D. Ingol≥ı,*, S.V. Bharuchaı, 
P.M. K≥kanı, S.D. Khar≤≥ı an≤ N.R. Dagli′

ıD≥partm≥nt  of  V≥t≥rinary  Physiology,  Bombay  V≥t≥rinary  Coll≥g≥,  Mumbai,  In≤ia,  
*E-mail: ingol≥shail≥sh@gmail.com
′T≥aching V≥t≥rinary Clinical Compl≥x, Bombay V≥t≥rinary Coll≥g≥, Mumbai, In≤ia
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≤uring conc≥ptus invasion an≤ plac≥ntal formation. 
(G≥is≥rt ≥t al., ′İı′). Ch≥ng ≥t al. (′İı6) obs≥rv≥≤ 
high≥r conc≥ntration of plasma IL-ıβ in pr≥gnant 
cows on ′ıst ≤ay post ins≥mination. To stu≤y th≥ 
rol≥ of IL-ıβ ≤uring g≥station in buffalo≥s, l≥v≥l of 
s≥rum IL-ıβ was inv≥stigat≥≤ in ≥arly, mi≤ an≤ lat≥ 
stag≥ of pr≥gnancy along with s≥rum total prot≥in, 
albumin, globulin an≤ A: G. 

MATERIALS AND METHODS

Animals for ≥xp≥rim≥nt
Eight≥≥n appar≥ntly h≥althy pr≥gnant 

buffalo≥s w≥r≥ s≥l≥ct≥≤ from Instructional 
Liv≥stock Farm Compl≥x, Bombay V≥t≥rinary 
Coll≥g≥ an≤ som≥ oth≥r units in Aar≥y milk colony, 
Gor≥gaon, Mumbai - 4İİİ65. Th≥ ≥xp≥rim≥ntal 
animals w≥r≥ ≤ivi≤≥≤ into thr≥≥ groups accor≤ing 
to th≥ stag≥s of g≥station, ≥ach consisting of six 
animals. Th≥ thr≥≥ groups w≥r≥ ≥arly g≥station (İ 
to ıİİ ≤ays), mi≤ g≥station (ıİı to ′İİ ≤ays) an≤ 
lat≥ g≥station (′İı to ″ıİ ≤ays) stag≥s, r≥sp≥ctiv≥ly. 
Th≥ pr≥gnancy ≤iagnosis was ≤on≥ by p≥r r≥ctal 
≥xamination by v≥t≥rinarian on th≥ farm. Buffalo≥s 
w≥r≥ maintain≥≤ un≤≥r uniform an≤ stan≤ar≤ 
con≤itions of f≥≥≤ing an≤ manag≥m≥nt. Th≥ animals 
w≥r≥ hous≥≤ in animal sh≥≤ with asb≥stos c≥m≥nt 
roof, un≤≥r natural ≤aylight an≤ t≥mp≥ratur≥. Th≥ 
buffalo≥s w≥r≥ giv≥n maint≥nanc≥ ration of ı5 kg 
of paragrass an≤ ′.5 conc≥ntrat≥ mixtur≥, ≤uring 
morning  an≤  ≥v≥ning  hours,  ≤aily.  Pa≤≤y  straw 
was giv≥n a≤-libitum. Th≥ buffalo≥s w≥r≥ provi≤≥≤ 
with cl≥an ≤rinking wat≥r.

Sampling
Bloo≤ sampl≥s (ıİ to ı′ mL) w≥r≥ coll≥ct≥≤ 

in vacutain≥rs as≥ptically from ≥xp≥rim≥ntal 
buffalo≥s by jugular v≥in punctur≥. S≥rum was 

s≥parat≥≤ out aft≥r c≥ntrifugation at ′İİİ rpm an≤ 
was stor≥≤ at -′İoC until us≥≤ for analysis.

Bloo≤ analysis
Bloo≤ sampl≥s w≥r≥ analys≥≤ for s≥rum 

total prot≥ins an≤ albumin using an autoanalyz≥r - 
Pri≥t≥st Touch (Robonik, In≤ia). Conc≥ntrations of 
s≥rum globulin an≤ A: G ratio w≥r≥ obtain≥≤ from 
th≥ valu≥s coll≥ct≥≤ aft≥r analysis of s≥rum total 
prot≥ins an≤ albumin. Analysis was carri≥≤ out in 
th≥ D≥parm≥nt of V≥t≥rinary Physiology, Bombay 
V≥t≥rinary Coll≥g≥, Par≥l, Mumbai - 4İİİı′.

Int≥rl≥ukin ı β assay
Conc≥ntration of th≥ s≥rum Int≥rl≥ukin 

ıβ  was  ≥stimat≥≤  by  using  Kin≥sisDx  Bovin≥ 
Int≥rl≥ukin  ıβ  (IL-ıβ)  ELISA  kit,  ıı79,  W  ′9th 
St., Apt. 9, Los Ang≥l≥s, CA 9İİİ7, USA. (www.
kin≥sis≤x.com). Each sampl≥ was run in ≤uplicat≥.

Statistical analysis
Data ar≥ pr≥s≥nt≥≤ as M≥anαS.E. ANOVA 

was us≥≤ to analyz≥ th≥ signiicanc≥ of ≤iff≥r≥nc≥s. 
Corr≥lations  w≥r≥  calculat≥≤  an≤  P<İ.İ5  was 
consi≤≥r≥≤ statistically signiicant.

RESULTS AND DISCUSSION

S≥rum intrl≥ukin ı β
Th≥ m≥an conc≥ntrations of s≥rum IL-

ıβ  ≤uring  ≥arly,  mi≤  an≤  lat≥  g≥station  w≥r≥ 
ı95.ıİα49.4″, ′″″.65α5ı.45 an≤ ı′5.9İα″6.ı8 
pg/ml r≥sp≥ctiv≥ly. Th≥ s≥rum IL-ıβ conc≥ntration 
incr≥as≥s from ≥arly to mi≤-g≥station an≤ th≥n 
≤≥clin≥s in lat≥ g≥station. No work on Int≥rl≥ukin 
ıβ  conc≥ntration  in  s≥rum  ≤uring  ≥arly,  mi≤  an≤ 
lat≥ g≥station in buffalo≥s is r≥port≥≤ in availabl≥ 
lit≥ratur≥.  Th≥  s≥rum  IL-ıβ  in  cow  was  ≥l≥vat≥≤ 

http://www.kinesisdx.com
http://www.kinesisdx.com
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aroun≤ ≤ay ′ı post AI (Ch≥ng ≥t al., ′İı6) wh≥r≥as, 
in HF cows it was foun≤ to b≥ ≤≥cr≥as≥≤ aft≥r 
parturition (Tr≥visi ≥t al., ′İı5). In pigs, s≥rum 
IL-ıβ was foun≤ to b≥ ≥nhanc≥≤ on ≤ays ı′ to ı″ 
in pr≥gnant sows (Franczak ≥t al., ′İıı). In mic≥, 
it was obs≥rv≥≤ that th≥ IL-ıβ was low an≤ stabl≥ 
throughout pr≥gnancy an≤ incr≥as≥≤ mark≥≤ly in 
lat≥ pr≥gnancy (Orsi ≥t al., ′İİ6) whil≥ in wom≥n, 
th≥ s≥rum Il-ıβ l≥v≥ls ≤i≤ not ≤iff≥r≥≤ signiicantly 
b≥tw≥≥n b≥ginning an≤ th≥ ≥n≤ of g≥station 
(H≥bisch ≥t al., ′İİ4). 

Obs≥vations from various inv≥stigations 
in≤icat≥ that th≥ l≥v≥ls of IL-ıβ in ≤iff≥r≥nt animals 
show ≤iff≥r≥nt tr≥n≤s. Contrary to th≥ b≥li≥f that 
IL-ıβ is r≥quir≥≤ for ≥mbryonic implantation an≤ 
≥stablishm≥nt of pr≥gnancy through acting as a 
physiological m≥≤iator of acut≥ phas≥ r≥spons≥ 
≤uring conc≥ptus invasion an≤ plac≥ntal formation 
(G≥is≥rt ≥t al.,  ′İı′),  th≥  conc≥ntration  of  IL-ıβ 
has incr≥as≥≤ ≤uring mi≤-pr≥gnancy. This coul≤ 
b≥ th≥ tr≥n≤ in buffalo that can b≥ consi≤≥r≥≤ as 
sp≥ci≥s sp≥ciic (Figur≥ ı).

S≥rum total prot≥ins
 Th≥ av≥rag≥ valu≥s of s≥rum total prot≥in 
conc≥ntration in buffalo≥s w≥r≥ 7.99αİ.65, 
7.48αİ.ı5, 8.′″αİ.′6 g/≤L ≤uring ≥arly, mi≤ 
an≤ lat≥ stag≥s of g≥station r≥sp≥ctiv≥ly. Th≥ 
conc≥ntration of s≥rum total prot≥in ≤≥cr≥as≥≤ 
gra≤ually from ≥arly to mi≤-g≥station an≤ incr≥as≥≤ 
again ≤uring lat≥ g≥station. Th≥ conc≥ntration of 
s≥rum total prot≥ins was high≥st in last trim≥st≥r of 
pr≥gnancy. This incr≥as≥ in th≥ s≥rum total prot≥in 
conc≥ntration ≤uring lat≥ g≥station may b≥ ≤u≥ to 
incr≥as≥ in amino aci≤s from tissu≥s an≤ muscl≥s 
into bloo≤ an≤ incr≥as≥ in f≥≥≤ intak≥ (Gha≤hban, 
′İİ8). This incr≥as≥ can also b≥ ≤u≥ to incr≥as≥ 
in th≥ l≥v≥ls of o≥strog≥n with a≤vanc≥m≥nt of 
pr≥gnancy. Th≥ s≥cr≥tion of glucocorticoi≤s an≤ 

thyroxin also incr≥as≥s s≥x hormon≥ s≥cr≥tion 
which  int≥nsii≥s  m≥tabolic  ≥v≥nts.  Incr≥as≥  in 
b≥ta an≤ gamma cont≥nts of s≥rum prot≥ins ≤uring 
g≥station coul≤ also b≥ th≥ r≥ason of incr≥as≥ in 
total prot≥ins an≤ this incr≥as≥ may b≥ ≤u≥ to 
incr≥as≥≤ ≤≥man≤ of prot≥ins by growing fo≥tus 
(Pat≥l, ′İı4). Th≥ low≥r total prot≥in conc≥ntration 
≤uring ≥arly g≥station than lat≥ g≥station may b≥ 
≤u≥ to its utilization in colostrum synth≥sis (Pathak 
an≤ Janakiraman, ı98″; Singh ≥t al., ı988) also, 
th≥r≥ is ≤rain of immun≥ fractions in th≥ formation 
of colostrum (M≥hta ≥t al., ı989). Furth≥r, th≥ 
low≥r conc≥ntration of total prot≥ins ≤uring ≥arly 
g≥station may b≥ ≤u≥ to ≤≥cr≥as≥ in globulin 
conc≥ntration an≤ incr≥as≥≤ prot≥in br≥ak≤own 
r≥quir≥≤  for  glucon≥og≥n≥sis  (Quayam ≥t al., 
ı998) (Figur≥ ′).

S≥rum Albumin 
Th≥ m≥an conc≥ntration of s≥rum albumin 

in buffalo≥s in w≥r≥ ″.47αİ.ı5, ″.95αİ.ıİ an≤ 
″.54αİ.İ7g/≤L ≤uring ≥arly, mi≤ an≤ lat≥ g≥station 
r≥sp≥ctiv≥ly. Th≥ s≥rum albumin l≥v≥l incr≥as≥≤ 
from ≥arly to mi≤-g≥station an≤ ≤≥cr≥as≥≤ again 
from mi≤ to lat≥ g≥station. Similarly, Gha≤hban 
(′İİ8) r≥port≥≤ ≤≥cr≥as≥ in th≥ conc≥ntration of 
s≥rum  albumin  in  Iraqi  cows  in  lat≥  pr≥gnancy, 
which can b≥ ≤u≥ to incr≥as≥≤ l≥v≥l of s≥rum 
globulins ≤uring sam≥ p≥rio≤. Al-Mujalli ≥t 
al. (′İİ8) obs≥rv≥≤ that th≥ s≥rum albumin 
conc≥ntration  was  low  ≤uring  irst  w≥≥k  b≥for≥ 
parturition in cows. In contrast, Mir ≥t al. (′İİ8) in 
cattl≥ an≤ Pat≥l (′İı4) in crossbr≥≤ cows r≥port≥≤ 
that th≥ conc≥ntration of s≥rum albumin incr≥as≥≤ 
throughout th≥ g≥station (Figur≥ ″). 

Similarly,  accor≤ing  to  Pa≤o≤ara ≥t al. 
(′İı′), ≤≥cr≥as≥ in albumin from mi≤ to lat≥ 
g≥station may b≥ ≤u≥ to incr≥as≥ in nutri≥nt 
r≥quir≥m≥nt  of  growing  fo≥tus  wh≥r≥as  Yokus 
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an≤ Cakir (′İİ6) r≥port≥≤ no chang≥s in albumin 
conc≥ntration throughout pr≥gnancy.

S≥rum globulin
 Th≥ av≥rag≥ valu≥s of s≥rum globulin 
conc≥ntration r≥cor≤≥≤ in pr≥s≥nt stu≤y ar≥ 
4.5′αİ.88, 4.ı6αİ.ı′ an≤ 4.68αİ.′ı g/≤L ≤uring 
≥arly, mi≤ an≤ lat≥ g≥station r≥sp≥ctiv≥ly. Th≥ 
s≥rum globulin l≥v≥l is high≥st ≤uring lat≥ 
g≥station an≤ low≥st in mi≤-g≥station. Th≥ r≥lativ≥ 
p≥rc≥ntag≥ conc≥ntration of s≥rum globulin ≤i≤ 
not  show  signiicant  variation  ≤uring  ≤iff≥r≥nt 
stag≥s of g≥station in buffalo≥s (S≥shagiri ≥t al., 
ı979). Obs≥rvation of this stu≤y is in contrast with 
th≥  in≤ings  of  Mir ≥t al.  (′İİ8);  Pat≥l  (′İı4)  in 
crossbr≥≤ cows (Figur≥ 4).

A: G
 Conc≥ntration of S≥rum A: G ratio in 
buffalo≥s ≤uring ≥arly, mi≤ an≤ lat≥ g≥station 
w≥r≥ İ.84αİ.ı′, İ.79αİ.İ′ an≤ İ.75αİ.İ′ g/≤L 
r≥sp≥ctiv≥ly. Th≥ s≥rum A: G ratio was high≥st 

≤uring ≥arly g≥station. Similar obs≥rvations 
w≥r≥ r≥cor≤≥≤ by T≥ka≤≥ (′İİ9) in buffalo≥s an≤ 
Ga≤hav≥ (′İİİ) in crossbr≥≤ cows. Incr≥as≥≤ 
A: G ratio can b≥ ≤u≥ to ≤≥clin≥≤ s≥rum globulin 
conc≥ntration ≤uring th≥ sam≥ p≥rio≤ (Ga≤hav≥, 
′İİİ) (Figur≥ 5). 
 Thus it can b≥ conclu≤≥≤ that s≥rum IL-
ıβ  conc≥ntration  incr≥as≥≤  from  ≥arly  to  mi≤-
g≥station an≤ ≤≥clin≥≤ sharply in lat≥ g≥station 
sugg≥sting to b≥ a tr≥n≤ in buffalo≥s. High≥r 
conc≥ntration  of  s≥rum  Int≥rl≥ukin  ı  β  ≤uring 
mi≤-g≥station in≤icat≥s that it may play som≥ 
important rol≥ ≤uring pr≥gnancy which n≥≥≤s 
furth≥r inv≥stigation. Similarly, th≥ conc≥ntration 
of  IL-ıβ  in  th≥  buffalo  conc≥ptus  also  n≥≥≤s 
to  b≥  inv≥stigat≥≤  to  in≤  out  if  it  has  som≥  rol≥ 
≤uring implantation. Th≥ high conc≥ntration of 
total prot≥ins ≤uring lat≥ pr≥gnancy coul≤ b≥ for 
optimum s≥cr≥tion of gona≤otropin r≥l≥asing 
factors an≤ numb≥r of oth≥r hormon≥s n≥≥≤≥≤ for 
culmination of pr≥gnancy. 

Figur≥ ı. S≥rum Int≥rl≥ukin ıβ (pg/ml) in ≥arly, mi≤ an≤ lat≥ g≥station in buffalo≥s.
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Figur≥ ′. S≥rum total prot≥ins (g/≤L) in ≥arly, mi≤ an≤ lat≥ g≥station in buffalo≥s.

Figur≥ ″. S≥rum albumin (g/≤L) in ≥arly, mi≤ an≤ lat≥ g≥station in buffalo≥s.
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Figur≥ 5. S≥rum albumin: globulin (A: G) in ≥arly, mi≤ an≤ lat≥ g≥station in buffalo≥s.

Figur≥ 4. S≥rum globulin (g/≤L) in ≥arly, mi≤ an≤ lat≥ g≥station in buffalo≥s.
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Original Articl≥

ABSTRACT

This stu≤y was con≤uct≥≤ to analyz≥ 
th≥ cons≥qu≥nc≥ of prill fat an≤ rum≥n prot≥ct≥≤ 
cholin≥ (RPC) suppl≥m≥ntation on p≥rformanc≥ 
of lactating Murrah buffalo≥s. Murrah buffalo≥s 
(n=ı8) w≥r≥ ≤istribut≥≤ into thr≥≥ groups (Control, 
Tı an≤ T′) having six buffalo≥s in ≥ach, bas≥≤ 
on milk yi≥l≤, fat p≥r c≥nt an≤ stag≥ of lactation. 
During th≥ ≥xp≥rim≥ntal p≥rio≤ of 9İ ≤ays, 
buffalo≥s in all th≥ thr≥≥ groups w≥r≥ f≥≤ sam≥ 
basal ≤i≥t, containing gr≥≥n fo≤≤≥r (B≥rs≥≥m), 
wh≥at straw an≤ conc≥ntrat≥ mixtur≥ to m≥≥t th≥ir 
r≥quir≥m≥nts for maint≥nanc≥ an≤ milk pro≤uction. 
Buffalo≥s in Group Tı w≥r≥ ≤aily suppl≥m≥nt≥≤ 
with prill fat ′.5% of total DMI wh≥r≥as; buffalo≥s 
in Group T′ w≥r≥ ≤aily suppl≥m≥nt≥≤ with 54 g 
rum≥n prot≥ct≥≤ cholin≥ along with sam≥ quantity 
of prill fat f≥≤ as in Group Tı. 

In contrast to th≥ control group, ov≥rall 
milk yi≥l≤ (kg) of lactating Murrah buffalo≥s 
was  signiicantly  (P<İ.İı)  incr≥as≥≤  by  İ.99 
an≤ ı.78 kg in Group Tı an≤ T′. Th≥ av≥rag≥ 4% 
FCM (kg/≤), ECM (kg/≤) an≤ fat yi≥l≤ (kg/≤) 
was  signiicantly  (P<İ.İı)  high≥r  in  Group  T′ 
follow≥≤ by Group Tı an≤ Group control. Th≥r≥ 

was no signiicant ≤iff≥r≥nc≥ in milk composition 
of buffalo≥s ≥xc≥pt milk fat (%) an≤ total soli≤s 
(%) which w≥r≥ improv≥≤ signiicantly (P<İ.İı) in 
suppl≥m≥nt≥≤ groups. It was obs≥rv≥≤ that prill fat 
suppl≥m≥ntation in th≥ ration h≥lp≥≤ to mak≥ b≥tt≥r 
p≥rformanc≥ of ≥arly lactating Murrah buffalo≥s by 
≥nhanc≥≤ milk yi≥l≤ an≤ fat p≥rc≥nt which can b≥ 
furth≥r incr≥as≥≤ by suppl≥m≥nting th≥ ration with 
rum≥n prot≥ct≥≤ cholin≥.

K≥ywor≤s: Bubalus bubalis, buffalo≥s, prill fat, 
rum≥n prot≥ct≥≤ cholin≥, milk yi≥l≤, milk fat 

INTRODUCTION

Oft≥n th≥ quantity of ≥n≥rgy n≥≥≤≥≤, 
in ≥arly lactating buffalo≥s, for maint≥nanc≥ of 
bo≤y tissu≥s an≤ milk pro≤uctions high≥r than th≥ 
amount of ≥n≥rgy availabl≥ from th≥ ≤i≥t (Goff an≤ 
Horst, ı997), which forc≥s mobilization of bo≤y 
fat r≥s≥rv≥s to satisfy ≥n≥rgy r≥quir≥m≥nt. At th≥ 
sam≥  tim≥,  ≤aily  nutri≥nt  intak≥  is  not  sufici≥nt 
to match ≤≥man≤s for milk pro≤uction an≤ ≥n≥rgy 
balanc≥ b≥com≥ n≥gativ≥ (B≥ll ≥t al., ı995). Th≥ 
p≥rio≤ of n≥gativ≥ ≥n≥rgy balanc≥ oft≥n g≥t moving 

CONSEQUENCE OF PRILL FAT AND RUMEN PROTECTED CHOLINE 
SUPPLEMENTATION ON MILK YIELD AND ITS MAKEUP IN MURRAH BUFFALOES
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prior to calving ≤u≥ to ≤≥pr≥ss≥≤ f≥≥≤ intak≥ at 
th≥ t≥rmination of g≥station. Th≥ n≥gativ≥ ≥n≥rgy 
balanc≥ in ≥arly lactation impact on p≥ak milk 
pro≤uction an≤ gross lactation p≥rformanc≥ apart 
from causing ≤≥lay≥≤ post-partum ovarian activity 
(Garnsworthy an≤ W≥bb, ı999). Th≥ ≤≥gr≥≥ of non-
≥st≥rii≥≤ fatty aci≤s (NEFA) h≥ight≥ns in plasma 
as an ≥ff≥ct of bo≤y fat mobilization an≤ ≤ir≥ct to 
h≥patic lipi≤osis.

Th≥ balanc≥≤ f≥≥≤ing ≤uring postpartum 
p≥rio≤ aff≥cts th≥ lactation p≥rformanc≥ of ≤airy 
animals. It has b≥≥n foun≤ that Calcium salts of 
long-chain fatty aci≤s ar≥ ≥ff≥ctiv≥ for lactating 
cows as ruminally in≥rt fat suppl≥m≥nts (Grumm≥r, 
ı995). Th≥s≥ salts improv≥ pro≤uctiv≥ p≥rformanc≥ 
as goo≤ sourc≥ for incr≥asing ≥n≥rgy ≤≥nsity of th≥ 
≤i≥t. Prill fat r≥mains in≥rt in th≥ rum≥n an≤ r≥sist 
hy≤rolysis an≤ association with th≥ bact≥rial c≥lls 
of f≥≥≤ particl≥s. Thus, total suppl≥m≥nt≥≤ ≥n≥rgy 
in ≤i≥t of a lactating animal g≥t availabl≥ for th≥ 
pro≤uctiv≥ purpos≥s (Singh ≥t al., ′İı4). Prill fat 
is pr≥par≥≤ by liqu≥fying mixtur≥ of fatty aci≤ an≤ 
spraying it un≤≥r pr≥ssur≥ into a cool≥≤ atmosph≥r≥.
It is a non-hy≤rog≥nat≥≤ v≥g≥tabl≥ oil an≤ contains 
mor≥ than 85% palmitic aci≤ with high m≥lting 
point which by pass≥s rum≥n ≤≥gra≤ation an≤ is 
≤ig≥st≥≤ in small int≥stin≥ by lipas≥ ≥nzym≥. 

Fat m≥tabolism can b≥ improv≥≤ with th≥ 
h≥lp of cholin≥ for b≥tt≥r ≥n≥rgy pro≤uction an≤ 
also h≥lps in improving milk pro≤uction. Cholin≥, 
plays an important rol≥ in v≥ry low ≤≥nsity 
lipoprot≥in synth≥sis an≤ th≥r≥by contribut≥s to 
fat ≥xport from th≥ liv≥r. It is r≥port≥≤ that cholin≥ 
can b≥ synth≥siz≥≤ by th≥ animals ≥v≥n though th≥ 
≤i≥tary supply of cholin≥ in ≥arly lactating ≤airy 
animals may b≥ ina≤≥quat≥, (Pir≥s an≤ Grumm≥r, 
′İİ8). Th≥ cholin≥ suppl≥m≥nt≥≤ in th≥ prot≥ct≥≤ 
form as it ≤≥gra≤≥≤ rapi≤ly in th≥ rum≥n, (El≥k ≥t 
al., ′İİ8). Th≥ rum≥n prot≥ct≥≤ form of cholin≥ 

has b≥≥n ≤≥v≥lop≥≤ to pass cholin≥ to th≥ small 
int≥stin≥ for absorption (Garg ≥t al., ′İı′).

Consi≤≥ring th≥ ≥fff≥ct of prill fat as an 
≥n≥rgy sourc≥ in ≤i≥t of lactating animals an≤ rol≥ 
of cholin≥ in fat m≥tabolism th≥ aim of th≥ pr≥s≥nt 
≥xp≥rim≥nt was to in≤ out th≥ cons≥qu≥nc≥ of prill 
fat an≤ rum≥n prot≥ct≥≤ cholin≥ suppl≥m≥ntation 
on milk yi≥l≤ an≤ its composition in Murrah 
buffalo≥s. 

MATERIALS AND METHODS

Eight≥≥n Murrah buffalo≥s (n=ı8) w≥r≥ 
≤istribut≥≤ into thr≥≥ groups (Control, Tı an≤ T′) 
having six buffalo≥s in ≥ach, bas≥≤ on l≥v≥l of 
milk pro≤uction, fat %, an≤ stag≥ of lactation (′ 
to ″ w≥≥ks post-partum). During th≥ ≥xp≥rim≥ntal 
p≥rio≤ of 9İ ≤ays, buffalo≥s in all th≥ thr≥≥ groups 
w≥r≥ f≥≤ a sam≥ total mix≥≤ basal ≤i≥t, comprising 
gr≥≥n fo≤≤≥r (B≥rs≥≥m), wh≥at straw an≤ 
conc≥ntrat≥ mixtur≥ to match th≥ r≥quir≥m≥nts for 
maint≥nanc≥ an≤ milk pro≤uction (K≥arl, ı98′). 
Buffalo≥s in Group Tı w≥r≥ ≥nrich≥≤ with prill 
fat ′.5% of total DMI p≥r animal p≥r ≤ay whil≥, 
buffalo≥s in Group T′ w≥r≥ ≥nrich≥≤ with 54 g 
rum≥n prot≥ct≥≤ cholin≥ along with ≥qual quantity 
of prill fat f≥≤ as in Group Tı in th≥ir basal ration.

Th≥ buffalo≥s w≥r≥ ≤≥worm≥≤ b≥for≥ 
th≥ b≥ginning of th≥ ≥xp≥rim≥nt an≤ stan≤ar≤ 
basic practic≥s w≥r≥ follow≥≤ in th≥ sh≥≤. All 
th≥ ≥xp≥rim≥ntal buffalo≥s w≥r≥ k≥pt in a w≥ll-
v≥ntilat≥≤  sh≥≤  having  c≥m≥nt≥≤  loor  with 
in≤ivi≤ual f≥≥≤ing an≤ wat≥ring arrang≥m≥nt. 
W≥igh≥≤ quantity of f≥≥≤ (conc≥ntrat≥ an≤ 
roughag≥) was off≥r≥≤ to th≥ buffalo≥s in morning 
an≤ ≥v≥ning. A≤-libitum cl≥an an≤ fr≥sh wat≥r was 
provi≤≥≤ to th≥ buffalo≥s ≤uring th≥ stu≤y. Th≥ 
buffalo≥s w≥r≥ l≥t loos≥ for about ı to ′ h ≤aily in 
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th≥ surroun≤≥≤ pa≤≤ock for ≥x≥rcis≥. 
Milk sampl≥s w≥r≥ coll≥ct≥≤ in ″İ 

≤ay int≥rval from all th≥ buffalo≥s in ≤iff≥r≥nt 
tr≥atm≥nts an≤ w≥r≥ analyz≥≤ for fat (%), soli≤s-
not-fat (%), milk prot≥in (%), ≤≥nsity (g/cm″) an≤ 
lactos≥ (%) cont≥nt by using Lacto scan. Av≥rag≥ 
≤aily milk yi≥l≤ of in≤ivi≤ual lactating buffalo≥s 
w≥r≥ ≤ocum≥nt≥≤ an≤ av≥rag≥ milk pro≤uction 
of in≤ivi≤ual animal was comput≥≤ on fortnightly 
basis. Four p≥rc≥nt fat corr≥ct≥≤ milk (4% FCM) 
was calculat≥≤ by th≥ following formula giv≥n by 
Gains (ı9′8).

4% FCM (kg) = [(İ.4 x total milk) + (ı5 x total fat)]

En≥rgy corr≥ct≥≤ milk (ECM) was 
calculat≥≤ as p≥r th≥ formula giv≥n by Tyrr≥ll an≤ 
R≥i≤ (ı965).

ECM (kg) = [(7.′ x kg prot≥in) + (ı′.95 x kg fat) + 
(İ.″′7 x kg milk)]

Th≥ statistical analysis of th≥ ≤ata was 
≤on≥ using SPSS comput≥r packag≥ (SPSS v≥rsion 
′İ.İ, SPSS Inc., Chicago, USA) a≤opting stan≤ar≤ 
statistical proc≥≤ur≥s (Sn≥≤≥cor an≤ Cochran, 
′İİ4).

RESULTS

Th≥ ≤ata r≥gar≤ing fortnightly an≤ ov≥rall 
milk yi≥l≤ in ≤iff≥r≥nt groups of Murrah buffalo≥s 
is pr≥s≥nt≥≤ in Tabl≥ ı. Th≥ fortnightly av≥rag≥ 
milk yi≥l≤ (kg/≤) in T′ group was ≤ocum≥nt≥≤ to 
b≥ signiicantly (P<İ.İı) high≥r than Tı an≤ control 
group. Th≥ ov≥rall av≥rag≥ milk yi≥l≤ (kg/≤) of 
Group Tı an≤ T′ was signiicantly (P<İ.İı) gr≥at≥r 
by İ.99 an≤ ı.78 kg than that of Control group.

Th≥ m≥an monthly 4% FCM, ECM an≤ 
fat yi≥l≤ in ≤iff≥r≥nt groups of Murrah buffalo≥s is 
shown in Tabl≥ ′. M≥an 4% FCM (kg/≤) was foun≤ 
to  b≥  signiicantly  (P<İ.İı)  high≥r  in  T′ Group 
than Tı an≤ Control group. Within sam≥ tr≥atm≥nt 
group high≥st m≥an 4% FCM was ≤ocum≥nt≥≤ at 
9İth ≤ay follow≥≤ by 6İth an≤ ″İth ≤ay. Analysis of 
varianc≥  r≥v≥al≥≤  signiicant (P<İ.İı) ≥ff≥ct of 
p≥rio≤ an≤ tr≥atm≥nt on ECM (kg/≤) of buffalo≥s. 
Th≥  signiicantly  (P<İ.İı)  high≥st  m≥an  ECM 
(kg/≤) was r≥cor≤≥≤ in Group T′ succ≥≥≤≥≤ by 
Group Tı an≤ Control group. M≥an fat yi≥l≤ (kg/≤) 
was also signiicantly (P<İ.İı) high≥st in Group T′ 
succ≥≥≤≥≤ by Group Tı an≤ Control group. M≥an 
fat yi≥l≤ (kg/≤) in Control group at 6İth an≤ 9İth ≤ay 
was un≤oubt≥≤ly (P<İ.İı) high≥r than that at ″İth 
≤ay. Th≥ milk composition of Murrah buffalo≥s 
in ≤iff≥r≥nt groups is pr≥s≥nt≥≤ in Tabl≥ ″. Th≥r≥ 
was no signiicant chang≥ in milk composition of 
buffalo≥s in ≤iff≥r≥nt groups ≥xc≥pt m≥an milk 
fat (%) an≤ m≥an total soli≤s (%) which w≥r≥ 
signiicantly (P<İ.İı) high≥st in Group T′ follow≥≤ 
by Group Tı an≤ Control group.

DISCUSSION

In this ≥xp≥rim≥nt tr≥atm≥nt m≥ans of th≥ 
av≥rag≥ milk yi≥l≤ (kg/≤) an≤ fat corr≥ct≥≤ milk 
yi≥l≤ (kg/≤) in≤icat≥≤ that suppl≥m≥ntation of 
basal ≤i≥t with ≥ith≥r prill fat alon≥ or along with 
rum≥n prot≥ct≥≤ cholin≥ in th≥ ≤i≥ts of buffalo≥s 
un≤oubt≥≤ly  (P<İ.İı)  ≥nhanc≥≤  th≥ir  milk  yi≥l≤ 
an≤ 4% fat corr≥ct≥≤ milk yi≥l≤ as compar≥≤ to 
control group. Ov≥rall av≥rag≥ milk yi≥l≤ (kg/≤) 
was incr≥as≥≤ by ı′.ıİ an≤ ′ı.76% in prill fat 
alon≥ an≤ prill fat + rum≥n prot≥ct≥≤ cholin≥ 
suppl≥m≥nt≥≤ groups than th≥ control group. Th≥ 
high≥r milk pro≤uction in suppl≥m≥nt≥≤ groups 
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was attribut≥≤ to mor≥ TDN intak≥ in conjunction 
with prill fat which incr≥as≥≤ th≥ ≥n≥rgy ≤≥nsity 
of ration an≤ r≥≤uc≥≤ ≤≥l≥t≥rious ≥ff≥ct of n≥gativ≥ 
≥n≥rgy balanc≥ as ≥vi≤≥nt from low≥r bloo≤ NEFA 
l≥v≥ls. 

Th≥ signiicant incr≥as≥ in milk pro≤uction 
in prill fat suppl≥m≥ntal group is w≥ll corroborat≥≤ 
with  in≤ings  of  many  r≥s≥arch≥rs  r≥porting  an 
incr≥as≥≤ milk yi≥l≤ b≥tw≥≥n İ.4İ to ″.ıı kg/≤ in 
≥xp≥rim≥ntal cows (Fah≥y ≥t al., ′İİ′; McNamara 
≥t al., ′İİ″; Mishra ≥t al., ′İİ4; Sal≥m an≤ Bouraoui, 
′İİ8; Sh≥lk≥ ≥t al., ′İıı). Similarly, Kumar an≤ 
Thakur (′İİ7); Garg ≥t al. (′İİ8); Barl≥y an≤ 
Bagh≥l (′İİ9); Sirohi ≥t al. (′İıİ);  Raj≥sh ≥t al. 
(′İı4)  also  r≥port≥≤  signiicant  improv≥m≥nt  in 
milk yi≥l≤ in ≤iff≥r≥nt sp≥ci≥s of ruminants f≥≤ 
bypass fat. How≥v≥r, no improv≥m≥nt in milk yi≥l≤ 
in bypass fat suppl≥m≥nt≥≤ cows hav≥ also b≥≥n 
r≥port≥≤ by som≥ r≥s≥arch≥rs (Klusm≥y≥r ≥t al., 
ı99ı; Sklan ≥t al., ı99′; Elliott ≥t al., ı996), which 
coul≤ b≥ ≤u≥ to ≤iff≥r≥nt ≤≥gr≥≥ of in≥rtn≥ss an≤ 
amount of ≤i≥tary fat off≥r≥≤.

R≥sults  r≥gar≤ing  signiicantly  (P<İ.İı) 
high≥r milk yi≥l≤ in rum≥n prot≥ct≥≤ cholin≥ 
suppl≥m≥nt≥≤ group ar≥ in agr≥≥m≥nt with El≥k 
≥t al. (′İİ8); Lima ≥t al. (′İİ7), who obs≥rv≥≤ 
signiicant  improv≥m≥nt  in  milk  yi≥l≤  of  ≤airy 
cows aft≥r suppl≥m≥nting rum≥n prot≥ct≥≤ cholin≥ 
(RPC) to basal ≤i≥t which can b≥ corr≥lat≥≤ to th≥ 
rol≥ of RPC in ≥l≥vating th≥ ≥xport of triglyc≥ri≤≥s 
from th≥ liv≥r an≤ sparing m≥thionin≥ as a m≥thyl 
≤onor (Pinotti ≥t al., ′İİ′). In pr≥s≥nt stu≤y, 
improv≥m≥nt in milk pro≤uction in r≥spons≥ 
to RPC suppl≥m≥ntation may b≥ attribut≥≤ to 
its m≥thyl ≤onor sparing ≥ff≥ct, thus ≥nhanc≥≤ 
int≥stinal supply of cholin≥ might hav≥ furth≥r 
improv≥≤ milk pro≤uction in Murrah buffalo≥s.

In pr≥s≥nt stu≤y, milk fat (%) an≤ total 
soli≤  (%)  was  signiicantly  high≥r  (P<İ.İı)  in 

suppl≥m≥nt≥≤ groups than th≥ control. Milk 
lactos≥ (%), SNF (%), ≤≥nsity (g/cm″) an≤ prot≥in 
(%)  cont≥nt  w≥r≥  not  inlu≥nc≥≤  by  f≥≥≤ing  prill 
fat ≥ith≥r alon≥ or along with rum≥n prot≥ct≥≤ 
cholin≥.  Signiicant  (P<İ.İı)  incr≥as≥  in  milk  fat 
an≤ total soli≤ (TS) of prill fat suppl≥m≥nt≥≤ group 
is support≥≤ by Mishra ≥t al. (′İİ4); Garg ≥t al. 
(′İİ8); Sirohi ≥t al. (′İıİ). Lima ≥t al. (′İİ7); 
Garg ≥t al. (′İı′) supports our r≥sults r≥gar≤ing 
signiicant high≥r milk fat (%) in RPC suppl≥m≥nt≥≤ 
group. Non signiicant chang≥ in milk prot≥in (%) 
of suppl≥m≥nt≥≤ groups is support≥≤ by Sirohi ≥t 
al. (′İıİ). 

Th≥ incr≥as≥ in milk fat cont≥nt in prill 
fat or prill fat + prot≥ct≥≤ cholin≥ suppl≥m≥nt≥≤ 
group may b≥ ≤u≥ to availability of mor≥ fatty 
aci≤ (SFA an≤ USFA) to th≥ mammary glan≤ an≤ 
th≥ir incorporation into milk fat (Gulati ≥t al., 
′İİ″). Furth≥r, as cholin≥ is us≥≤ for phospholipi≤ 
synth≥sis its suppl≥m≥ntation facilitat≥s lipi≤ 
absorption an≤ transport, th≥r≥by favouring milk 
fat synth≥sis. 

Th≥ stu≤y has ma≤≥ it amply cl≥ar that high 
pro≤ucing lactating buffalo≥s ≤o n≥≥≤ th≥ bypass 
fat suppl≥m≥nt in th≥ir ≤i≥t, in or≤≥r to m≥≥t th≥ir 
≥n≥rgy r≥quir≥m≥nts fully to ≥xpr≥ss th≥ir milk 
pro≤uction pot≥ntial, which was ≤≥monstrat≥≤ by 
th≥ signiicant incr≥as≥ in milk yi≥l≤, FCM yi≥l≤, 
fat p≥rc≥ntag≥ an≤ TS p≥rc≥ntag≥ in milk as a 
r≥sult of f≥≥≤ing prill fat alon≥ or along with rum≥n 
prot≥ct≥≤ cholin≥.

CONCLUSION

Pr≥s≥nt  inv≥stigation  r≥v≥l≥≤  that  
suppl≥m≥nting prill fat in th≥ ration of Murrah 
buffalo≥s h≥lp≥≤ in improving milk yi≥l≤ an≤ 
fat p≥r c≥nt, which can b≥ furth≥r incr≥as≥ by 
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Tabl≥ ı. Fortnightly an≤ ov≥rall av≥rag≥ milk yi≥l≤ (kg/≤) in ≤iff≥r≥nt groups of Murrah buffalo≥s. 
Fortnights Control Tı T′ P≥rio≤ M≥anαSE
Initial İ6.″ıDαİ.′4 İ6.6ıCαİ.4″ İ6.79Cαİ.″5 İ6.57Eαİ.ı9
ı İ7.İ8Ccαİ.′6 İ8.ı″Bbαİ.49 İ9.′ıBaαİ.ı6 İ8.ı4Dαİ.′8
′ İ7.79Bcαİ.′4 İ8.76Bbαİ.′İ İ9.8″Baαİ.ı7 İ8.79Cαİ.′″
″ İ8.66Acαİ.44 İ9.7ıAbαİ.′4 ıİ.6′Aaαİ.İ9 İ9.67Bαİ.′5
4 İ9.′9Acαİ.″İ ıİ.45Abαİ.ı4 ıı.′ıAaαİ.ıı ıİ.″′Aαİ.′′
5 İ9.ı4Acαİ.ı8 ıİ.″″Abαİ.″İ ıı.ııAaαİ.İ8 ıİ.ı9Aαİ.′′
6 İ9.İıAcαİ.ı8 ıİ.ı8Abαİ.′6 ıİ.95Aaαİ.ı5 ıİ.İ5ABαİ.′′

Ov≥rall İ8.ı8cαİ.′ı İ9.ı7bαİ.′7 İ9.96aαİ.İ5
                 a,b,c M≥ans with ≤iff≥r≥nt sup≥rscripts in th≥ sam≥ row ar≥ signiicantly ≤iff≥r≥nt (P<İ.İı).
                  A,B,C,D,E M≥ans with ≤iff≥r≥nt sup≥rscripts in th≥ sam≥ column ar≥ signiicantly ≤iff≥r≥nt (P<İ.İı).

Tabl≥ ′. Monthly av≥rag≥ 4% FCM, ECM an≤ fat yi≥l≤ in ≤iff≥r≥nt groups of Murrah buffalo≥s.

Attribut≥s P≥rio≤s Tr≥atm≥nt M≥anα SE″İth  Day 6İth  Day 9İth  Day
4% FCM (kg/≤)

Control İ9.87Cbαİ.″ı ı′.′9Caαİ.4″ ı′.8İCaαİ.′6 ıı.65Cαİ.″6
Tı ıı.47Bcαİ.46 ı4.4″Bbαİ.′İ ı5.″8Baαİ.″8 ı″.76Bαİ.45
T′ ı″.′″Acαİ.′′ ı6.ı8Abαİ.ı′ ı7.′5Aaαİ.′6 ı5.55Aαİ.4″

ECM (kg/≤)
Control ıİ.ı4Cbαİ.′9 ı′.59Caαİ.4ı ı″.ı″Caαİ.′7 ıı.95Cαİ.″6
Tı ıı.75Bbαİ.44 ı4.89Baαİ.′″ ı5.64Baαİ.4İ ı4.İ9Bαİ.45
T′ ı″.55Abαİ.′4 ı6.55Aaαİ.ı8 ı7.4ıAaαİ.′4 ı5.84Aαİ.4′

Fat Yi≥l≤ (kg/≤)
Control İ.46Cbαİ.İ′ İ.58Caαİ.İ′ İ.6ıCaαİ.İı İ.55Cαİ.İ′
Tı İ.54Bcαİ.İ′ İ.69Bbαİ.İı İ.75Baαİ.İ′ İ.66Bαİ.İ′
T′ İ.6″Acαİ.İı İ.79Abαİ.İı İ.86Aaαİ.İı İ.76Aαİ.İ′

           a,b,c M≥ans with ≤iff≥r≥nt sup≥rscripts in th≥ sam≥ row ar≥ signiicantly ≤iff≥r≥nt (P<İ.İı).
           A,B,C, M≥ans with ≤iff≥r≥nt sup≥rscripts in th≥ sam≥ column ar≥ signiicantly ≤iff≥r≥nt (P<İ.İı).
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Tabl≥ ″. Milk composition in ≤iff≥r≥nt groups of Murrah buffalo≥s.

Attribut≥s P≥rio≤s Tr≥atm≥nt M≥anα SE″İth  Day 6İth  Day 9İth  Day
Fat (%)

Control 6.ı9Bcαİ.İ″ 6.47Cbαİ.İ5 6.74Caαİ.İ5 6.46Cαİ.İ6
Tı 6.4İABcαİ.ı7 6.88Bbαİ.İ9 7.″4Baαİ.ı′ 6.87Bαİ.ı′
T′ 6.6İAcαİ.İ9 7.′ıAbαİ.İ9 7.76Aaαİ.İ9 7.ı9Aαİ.ı′

SNF (%)
Control 9.′″αİ.İ7 9.68αİ.ı5 9.68αİ.ı8 9.5″αİ.İ9
Tı 9.56αİ.ı8 ıİ.İ″αİ.ı9 9.6″αİ.′″ 9.74αİ.ı′
T′ 9.97αİ.ı4 9.8İαİ.′İ 9.5′αİ.ıı 9.77αİ.ıİ

Total Soli≤ (%)
Control ı5.4′Cbαİ.İ8 ı6.ı5Caαİ.ı6 ı6.4′Caαİ.ı9 ı5.99Cαİ.ı″
Tı ı5.96Bbαİ.′9 ı6.9ıBaαİ.′İ ı6.97Baαİ.ı5 ı6.6ıBαİ.ı6
T′ ı6.57Abαİ.′İ ı7.İ′Aaαİ.′4 ı7.′8Aaαİ.ı′ ı6.96Aαİ.ı″

Prot≥in (%)
Control ″.″İαİ.ı′ ″.″4αİ.ı4 ″.4″αİ.ıı ″.″6αİ.İ7
Tı ″.″ıαİ.ı4 ″.6İαİ.ıİ ″.46αİ.İ9 ″.46αİ.İ7
T′ ″.″6αİ.İ6 ″.54αİ.İ9 ″.4′αİ.İ4 ″.44αİ.İ4

Lactos≥ (%)
Control 4.77αİ.ı7 5.İıαİ.′İ 5.İ5αİ.ı7 4.94αİ.ıİ
Tı 4.97αİ.′ı 5.″9αİ.ı5 5.ı5αİ.ı6 5.ı7αİ.ıİ
T′ 4.89αİ.″4 5.ı8αİ.İ6 5.′İαİ.İ6 5.İ9αİ.ıı

D≥nsity (g/cm″)
Control ı.İ″″αİ.İİı ı.İ″″αİ.İİı ı.İ″′αİ.İİı ı.İ″″αİ.İİı
Tı ı.İ″″αİ.İİı ı.İ″′αİ.İİı ı.İ″ıαİ.İİı ı.İ″′αİ.İİı
T′ ı.İ″″αİ.İİı ı.İ″ıαİ.İİı ı.İ″ıαİ.İİ′ ı.İ″′αİ.İİı

         a,b,c M≥ans with ≤iff≥r≥nt sup≥rscripts in th≥ sam≥ row ar≥ signiicantly ≤iff≥r≥nt (P<İ.İı)
        A,B,C, M≥ans with ≤iff≥r≥nt sup≥rscripts in th≥ sam≥ column ar≥ signiicantly ≤iff≥r≥nt (P<İ.İı)
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suppl≥m≥nting th≥ ration with rum≥n prot≥ct≥≤ 
cholin≥ chlori≤≥.
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ABSTRACT

This stu≤y was con≤uct≥≤ to ≥valuat≥ 
h≥alth car≥ an≤ manag≥m≥nt practic≥s for 
calv≥s l≥ss than or ≥qual to ı′ months of ag≥ in 
smallhol≤≥r pro≤uction syst≥m. Data was coll≥ct≥≤ 
using hous≥hol≤ surv≥y t≥chniqu≥ in Lo≤hran 
≤istrict, Punjab, Pakistan. ı4 villag≥s w≥r≥ s≥l≥ct≥≤ 
using  stratii≥≤  proportionat≥  ran≤om  sampling 
m≥tho≤ an≤ ıİ calf k≥≥ping hous≥hol≤s from ≥ach 
villag≥ w≥r≥ int≥rvi≥w≥≤ using a s≥mi-structur≥≤ 
qu≥stionnair≥. Calv≥s w≥r≥ not allow≥≤ to fr≥≥ 
rang≥ th≥r≥for≥ all farm≥rs practic≥≤ stall f≥≥≤ing. 
Housing faciliti≥s w≥r≥ of poor quality in half of 
farms (5İ.7%). Farm≥rs w≥r≥ not using mo≤≥rn 
t≥chnologi≥s of milk r≥plac≥r, ur≥a tr≥at≥≤ wh≥at 
straw an≤ ur≥a molass≥s blocks. All farm≥rs off≥r≥≤ 
colostrum how≥v≥r timings of off≥ring ≤iff≥r≥≤. 
75.7% farm≥rs p≥rform≥≤ nav≥l cor≤ cutting an≤ 
≤isinf≥ction. All farm≥rs off≥r≥≤ tr≥atm≥nt but 
majority  (87.ı%)  practic≥≤  s≥lf-m≥≤ication  irst. 
Vaccination rat≥ was goo≤ at 94.″%. Almost all 
farm≥rs p≥rform≥≤ ≤r≥nching an≤ ≤ipping on th≥ir 
calv≥s but th≥r≥ w≥r≥ vast ≤iff≥r≥nc≥s in wh≥n an≤ 
on what con≤itions th≥y will b≥ p≥rform≥≤. Calf 
mortality rat≥ for th≥ last ı′ months was ı8.78%.
W≥aning ag≥ was high from mo≤≥rn calf r≥aring 

p≥rsp≥ctiv≥. Th≥s≥ in≤ings sugg≥st that th≥r≥ hav≥ 
b≥≥n mark≥≤ improv≥m≥nts in som≥ param≥t≥rs 
but farm≥rs ar≥ still following tra≤itional m≥tho≤s 
an≤ practic≥s of calf r≥aring ≤u≥ to s≥v≥r≥ lack 
of training r≥lat≥≤ to calf r≥aring. Th≥r≥ is a n≥≥≤ 
for improv≥m≥nt in various asp≥cts r≥lat≥≤ to calf 
r≥aring inclu≤ing f≥≥≤, housing, w≥aning an≤ 
training.

K≥ywor≤s: Bubalus bubalis, buffalo, calf h≥alth 
car≥ practic≥s, calf manag≥m≥nt practic≥s, 
liv≥stock, smallhol≤≥r pro≤uction syst≥m, Pakistan

INTRODUCTION
 

Cattl≥s an≤ buffalo≥s ar≥ th≥ most important 
of all liv≥stock sp≥ci≥s r≥ar≥≤ in Pakistan from 
≤airy farming p≥rsp≥ctiv≥. Th≥ ≥stimat≥≤ liv≥stock 
population of cattl≥ an≤ buffalo in Pakistan is 46.ı 
million an≤ ″8.8 million r≥sp≥ctiv≥ly. Pakistan is 4th 
larg≥st milk pro≤uc≥r country in th≥ worl≤ (FAO, 
′İı5). Pakistan’s milk pro≤uction from cows an≤ 
buffalo≥s for th≥ y≥ar ′İı7 to ′İı8 was ′İ,9İ″ an≤ 
″5,ı″6 thousan≤ tonn≥s r≥sp≥ctiv≥ly wh≥r≥as b≥≥f 
pro≤uction stoo≤ at ′,ı55 thousan≤ tonn≥s (GOP, 
′İı8).
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Calv≥s ar≥ th≥ most important by-pro≤uct 
of ≤airy farming syst≥m from sustainability 
p≥rsp≥ctiv≥. Futur≥ h≥r≤ ≤≥p≥n≤ upon to≤ay’s 
calv≥s, th≥r≥for≥, prop≥r car≥ an≤ manag≥m≥nt of 
young calv≥s is n≥≥≤≥≤ to sustain an≤ ≥xpan≤ cattl≥ 
(inclu≤ing buffalo≥s) pro≤uction. Poor upbringing 
of young stock will l≥a≤ to th≥ ≤≥gra≤ation of 
cattl≥ h≥r≤ pro≤uction p≥rformanc≥ an≤ quality. 
Th≥r≥for≥, in or≤≥r to improv≥ th≥ g≥n≥ral situation 
of cattl≥ farming priority has to b≥ giv≥n to calf 
r≥aring.
 Prop≥r m≥asur≥s an≤ sp≥ciic int≥rv≥ntions 
to improv≥ an≤ ≥xpan≤ calf r≥aring cannot b≥ 
plann≥≤ an≤ impl≥m≥nt≥≤ without r≥l≥vant, r≥liabl≥ 
an≤ up to ≤at≥ ≤ata on asp≥cts r≥lat≥≤ to calf 
pro≤uction an≤ r≥aring. This r≥s≥arch is aim≥≤ at 
≤≥scribing curr≥nt situation an≤ analyzing calf an≤ 
h≥alth car≥ an≤ manag≥m≥nt practic≥s curr≥ntly 
follow≥≤. This ≤ata an≤ ass≥ssm≥nt will h≥lp policy 
mak≥rs in ≤≥v≥loping holistic strat≥gy aim≥≤ at 
improving an≤ ≥xpan≤ing calf pro≤uction in rural 
smallhol≤≥r farms. An improv≥m≥nt in rural calf 
pro≤uction p≥rformanc≥ will bring improv≥m≥nt 
in liv≥lihoo≤ of majority of poor rural population 
an≤ will h≥lp in m≥≥ting ≥v≥r incr≥asing ≤≥man≤ 
for m≥at an≤ ≤airy pro≤ucts. This will also h≥lp in 
achi≥ving tru≥ cattl≥ pro≤uction pot≥ntial.

MATERIALS AND METHODS

Lo≤hran is a ≤istrict of Punjab provinc≥, 
Pakistan cov≥ring an ar≥a of ′778 squar≥ km. It 
is situat≥≤ b≥tw≥≥n ′9°4ı’ı′.67”N latitu≤≥ an≤ 
7ı°4İ’′.4ı”E longitu≤≥. It li≥s at an altitu≤≥ of ıı6 
m≥t≥rs from s≥a l≥v≥l. Th≥ ≤istrict is w≥ll not≥≤ 
in Pakistan for its f≥rtil≥ lan≤, irrigation n≥twork, 
crop pro≤uction an≤ liv≥stock. Lo≤hran has a total 
population of ı,7İİ,6′İ out of which 84.″% r≥si≤≥ 

in rural ar≥as (PBS, ′İı8). District Lo≤hran is 
compos≥≤ of thr≥≥ t≥hsils i.≥. T≥hsil Lo≤hran, T≥hsil 
Kahror Pacca an≤ T≥hsil Dunyapur. Th≥s≥ t≥hsils 
ar≥ furth≥r ≤ivi≤≥≤ into 7″ union councils. T≥hsil 
Lo≤hran, T≥hsil Kahror Pacca an≤ T≥hsil Dunyapur 
ar≥ compos≥≤ of ′8, ′″ an≤ ′′ union councils 
r≥sp≥ctiv≥ly. W≥ ≥mploy≥≤ stratii≥≤ proportionat≥ 
ran≤om sampling an≤ s≥l≥ct≥≤ 7 union councils 
out of a total of 7″. Thr≥≥ union councils w≥r≥ 
s≥l≥ct≥≤ ran≤omly from T≥hsil Lo≤hran an≤ two 
union councils ≥ach from T≥hsil Kahror Pacca an≤ 
T≥hsil Dunyapur r≥sp≥ctiv≥ly. From ≥ach union 
council ′ villag≥s w≥r≥ s≥l≥ct≥≤ an≤ from ≥ach 
villag≥ ıİ farm≥rs w≥r≥ s≥l≥ct≥≤ ran≤omly bas≥≤ 
on th≥ crit≥ria of poss≥ssion of at l≥ast ı calf l≥ss 
than or ≥qual to ı′ months of ag≥. Thus a total of 
ı4İ farm≥rs w≥r≥ s≥l≥ct≥≤ from ı4 villag≥s. 6İ 
farm≥rs in total w≥r≥ s≥l≥ct≥≤ from T≥hsil Lo≤hran 
an≤ 4İ ≥ach from T≥hsil Kahror Pacca an≤ T≥hsil 
Dunyapur. Th≥ sampl≥ siz≥ was ≤≥t≥rmin≥≤ by th≥ 
availabl≥ inancial, human an≤ mat≥rial m≥ans. For 
th≥  purpos≥  of  our  stu≤y  w≥  ≤≥in≥  smallhol≤≥r 
pro≤uction syst≥m as th≥ on≥ having a maximum of 
″İ larg≥ ruminants inclu≤ing, cattl≥s, buffalo≥s an≤ 
th≥ir calv≥s. A s≥mi-structur≥≤ qu≥stionnair≥ was 
≤≥v≥lop≥≤ an≤ pr≥t≥st≥≤ in two villag≥s in or≤≥r 
to  furth≥r  r≥in≥  it.  Data  was  coll≥ct≥≤  through 
in≤ivi≤ual fac≥ to fac≥ int≥rvi≥ws by th≥ principal 
author hims≥lf from January ′İı8 to April ′İı8. 
V≥rbal cons≥nt was obtain≥≤ prior to comm≥ncing 
th≥ int≥rvi≥w. Qu≥stionnair≥ was pr≥par≥≤ in 
English but a≤minist≥r≥≤ in Ur≤u, Saraiki an≤ 
Punjabi languag≥s. Th≥ author is lu≥nt in all four 
languag≥s. Data ≥ntry an≤ statistical analysis w≥r≥ 
p≥rform≥≤ using IBM’s Statistical Packag≥ for 
Social Sci≥nc≥s (SPSS) V≥rsion ′″.
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RESULTS AND DISCUSSION

Socio≥conomic charact≥ristics
 Farm≥r’s socio≥conomic charact≥ristics 
ar≥ pr≥s≥nt≥≤ in Tabl≥ ı. Th≥r≥ is s≥v≥r≥ lack of 
formal training r≥lat≥≤ to calf r≥aring with only 
′.9% farm≥rs r≥port≥≤ g≥tting formal training. Du≥ 
to lack of training, farm≥rs ar≥ using tra≤itional 
calf r≥aring m≥tho≤s an≤ practic≥s r≥sulting in 
low≥r pro≤uctivity. R≥gar≤ing ≥≤ucation, ″′.ı% of 
farm≥rs w≥r≥ foun≤ illit≥rat≥. Low ≥≤ucation l≥v≥l 
of farm≥rs involv≥≤ in calf r≥aring is hin≤≥ring th≥ 
a≤option of mo≤≥rn m≥tho≤s an≤ practic≥s of calf 
r≥aring. Our in≤ings r≥lat≥≤ to farm≥r’s ≥≤ucation 
l≥v≥ls ar≥ b≥tt≥r than thos≥ r≥port≥≤ by Mustafa ≥t 
al. (′İıİ) but wors≥ than th≥ in≤ings r≥port≥≤ by 
Ashraf ≥t al. (′İı″).

Calf housing manag≥m≥nt
 Non≥ of th≥ farm≥rs provi≤≥≤ s≥parat≥ calf 
housing. This in≤ing is in lin≥ with Ahma≤ ≥t al. 
(′İİ9); Mustafa ≥t al. (′İıİ). Normally, calv≥s 

ar≥ ti≥≤ in th≥ corn≥r of a≤ult animal housing. 
P≥rman≥nt p≥ns w≥r≥ provi≤≥≤ by 49.″% of th≥ 
farm≥rs whil≥ r≥st provi≤≥≤ s≥mi-p≥rman≥nt stall 
sh≥≤ or p≥ns (Tabl≥ ′). R≥gar≤ing p≥rman≥nt p≥ns 
prop≥r v≥ntilation was not car≥≤ for in at l≥ast half 
of th≥m. Th≥r≥ w≥r≥ a wi≤≥ vari≥ty of combinations 
of ≤iff≥r≥nt vari≥ti≥s of sh≥lt≥r si≤≥walls an≤ 
sh≥lt≥r roof construction in s≥mi-p≥rman≥nt stall 
sh≥≤ or p≥ns. Most primitiv≥ of th≥m was sh≥lt≥r 
construction with no si≤≥walls in ′′.9% farms. 
Sh≥lt≥r construction with no si≤≥walls ≥xpos≥ 
animals to col≤ wint≥r, rain an≤ high win≤s an≤ may 
caus≥ pn≥umonia. S≥mi-p≥rman≥nt sh≥lt≥r roof 
typ≥ in ≤iff≥r≥nt combinations (5ı.4%) is also not 
suitabl≥ for ≤iff≥r≥nt ≥xtr≥m≥ w≥ath≥r con≤itions. 
Tiwari ≥t al. (′İİ7) r≥port≥≤ similar in≤ings in his 
stu≤y. On≥ plausibl≥ ≥xplanation for poor housing 
structur≥s in at l≥ast 4İ% farms is farm≥r’s poor 
≥conomic con≤ition. Poor housing manag≥m≥nt 
of liv≥stock s≥riously aff≥ct th≥ir h≥alth an≤ 
pro≤uctiv≥ p≥rformanc≥, ≥sp≥cially in calv≥s which 
ar≥ mor≥ pron≥ to ≤is≥as≥s as th≥ir immunity l≥v≥l 

Tabl≥ ı. Farm≥r r≥lat≥≤ variabl≥s across th≥ thr≥≥ t≥hsils of ≤istrict Lo≤hran.

Variabl≥s T≥hsil
Lo≤hran

T≥hsil
Kahror Pacca

T≥hsil 
Dunyapur

Ov≥rall District 
Lo≤hran P-valu≥s

Ag≥ of fam≥rs (m≥an, 
SEM) ″9.68αı.867 4′.55α′.666 ″9.75α′.İ48 4İ.5′αı.′46 İ.64İ
Siz≥ of hous≥hol≤ (m≥an, 
SEM) 7.9′αİ.4ı7 7.95αİ.74ı 7.75αİ.549 7.88αİ.″ı6 İ.785
E≤ucation l≥v≥l (%)
No formal ≥≤ucation ″″.″ 4İ ′′.5 ″′.ı İ.4İ7
El≥m≥ntary ı5 ′7.5 ı7.5 ı9.″
Primary ′ı.7 ıİ ′′.5 ı8.6
S≥con≤ary ı5 ı5 ′İ ı6.4
Post–s≥con≤ary ı5 7.5 ı7.5 ı″.6
Formal training r≥lat≥≤ to 
calf r≥aring (%) ″.″ ′.5 ′.5 ′.9 İ.958
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Tabl≥ ′. Housing syst≥m of calv≥s.

Variabl≥s
T≥hsil
Lo≤hran 
(%)

T≥hsil
Kahror 
Pacca (%)

T≥hsil 
Dunyapur 
(%)

Ov≥rall 
District 

Lo≤hran (%)
P-valu≥s

S≥parat≥ calf hous≥
No ıİİ ıİİ ıİİ ıİİ N/A

Calv≥s k≥pt in
Op≥n İ İ İ İ İ.′84
Sh≥lt≥r İ İ ′.5 İ.7
Both ıİİ ıİİ 97.5 99.″
Sh≥lt≥r provi≤≥≤ ≤uring

Summ≥rs only İ İ İ İ İ.′84
Wint≥rs only ıİİ ıİİ 97.5 99.″
Throughout th≥ y≥ar İ İ ′.5 İ.7
Sh≥lt≥r provi≤≥≤
During ≤aytim≥ only İ İ İ İ İ.′84
During night only ıİİ ıİİ 97.5 99.″
All ≤ay İ İ ′.5 İ.7

Sh≥lt≥r form
P≥rman≥nt p≥ns 58.″ ″7.5 47.5 49.″ İ.ı′İ
S≥mi-p≥rman≥nt stall sh≥≤s or p≥ns 4ı.7 6′.5 5′.5 5İ.7
Sh≥lt≥r loor ma≤≥ up of

Pr≥par≥≤ lan≤ ıİİ ıİİ ıİİ ıİİ N/A
Sh≥lt≥r roof form
P≥rman≥nt arrang≥m≥nt 58.″ ″7.5 45 48.6 İ.ıİ8
S≥mi-p≥rman≥nt arrang≥m≥nt 4ı.7 6′.5 55 5ı.4

Sh≥lt≥r si≤≥walls
Op≥n on all si≤≥s ′ı.7 ″İ ı7.5 ′′.9 İ.′ıİ
Enclos≥≤ on som≥ si≤≥s ′5 ı5 ″7.5 ′5.7
Fully ≥nclos≥≤ 5″.″ 55 45 5ı.4
Sh≥lt≥r si≤≥walls ma≤≥ up of
Nothing (No si≤≥walls) ′ı.7 ″İ ı7.5 ′′.9 İ.7İ5
Mixtur≥ of mu≤ an≤ wh≥at straw 8.″ ı′.5 7.5 9.″
Unbak≥≤ bricks ıİ ı′.5 ıİ ıİ.7
Bak≥≤ r≥≤ bricks 6İ 45 65 57.ı
Daytim≥ t≥th≥ring of calv≥s un≤≥r 
tr≥≥ ıİİ ıİİ 97.5 99.″ İ.′84
Hygi≥n≥ of calf staying ar≥a

Cl≥an 86.7 87.5 77.5 84.″ İ.″75
Dirty ı″.″ ı′.5 ′′.5 ı5.7
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is low (Tiwari ≥t al., ′İİ7). Accor≤ing to Ra≤ostits 
≥t al. (ı994), calf mortality was associat≥≤ with th≥ 
typ≥ of housing, f≥≥≤ing, manag≥m≥nt practic≥s, 
w≥ath≥r con≤itions, ≥xt≥rnal an≤ int≥rnal parasitic 
inf≥station an≤ bact≥rial inf≥ction ≥sp≥cially thos≥ 
causing s≥ptic≥mia an≤ ≥nt≥ritis. Farm≥rs w≥r≥ 
cl≥aning animal housing ar≥a at l≥ast onc≥ a ≤ay 
but without th≥ us≥ of any ≤isinf≥ctant. Mor≥ than 
84% of th≥ farms w≥r≥ foun≤ cl≥an≥≤ in our stu≤y. 
Similar cl≥aning practic≥s w≥r≥ r≥port≥≤ by Tiwari 
≥t al. (′İİ7); Mustafa ≥t al. (′İıİ).

Calf f≥≥≤ing manag≥m≥nt
 Lan≤ is not availabl≥ for grazing purpos≥ 
in ≤istrict Lo≤hran b≥caus≥ of its scarcity an≤ 
high cost th≥r≥for≥ all farm≥rs practic≥≤ stall 
f≥≥≤ing.  Our  in≤ing  ≤iff≥rs  from  Arif ≥t al. 
(′İı″) who r≥port≥≤ 4″.″% farm≥rs grazing th≥ir 
animals in summ≥rs an≤ non≥ in wint≥rs. 4″.6% 
farm≥rs w≥r≥ off≥ring conc≥ntrat≥ f≥≥≤s to th≥ir 
calv≥s (Tabl≥ ″). Khan ≥t al. (′İİ7) in his stu≤y 
r≥port≥≤ that farm≥rs off≥r≥≤ conc≥ntrat≥ f≥≥≤s to 
th≥ir calv≥s only aft≥r w≥aning. In our stu≤y ar≥a, 
conc≥ntrat≥ off≥ring to calv≥s was not ≤≥p≥n≤≥nt 
on  w≥aning.  This  is  b≥n≥icial  for  calf’s  h≥alth 
sinc≥ conc≥ntrat≥ f≥≥≤s ar≥ ≥n≥rgy rich an≤ goo≤ 
for animal fatt≥ning purpos≥. Mustafa ≥t al. (′İıİ) 
obs≥rv≥≤ that most of th≥ poor farm≥rs w≥r≥ not 
off≥ring gr≥≥n fo≤≤≥r b≥caus≥ of its unavailability 
an≤ high cost. In contrast, w≥ obs≥rv≥≤ that gr≥≥n 
fo≤≤≥r was abun≤antly availabl≥ at a r≥asonabl≥ 
cost in ≤istrict Lo≤hran ≥xc≥pt ≤uring b≥tw≥≥n 
s≥asons tim≥ p≥rio≤s an≤ harsh w≥ath≥r con≤itions. 
No improv≥m≥nt was s≥≥n in milk r≥plac≥r usag≥ 
as compar≥≤ to pr≥vious stu≤i≥s (Arif ≥t al., ′İı″; 
Saghir ≥t al., ′İı4). Only 9.″% farm≥rs w≥r≥ 
using milk r≥plac≥r in ≤istrict Lo≤hran. Som≥ 
farm≥rs thought that milk r≥plac≥r will b≥ an ≥xtra 
≥xp≥n≤itur≥ ignoring savings in milk. Oth≥rs, on th≥ 

basis of pr≥vious ≥xp≥ri≥nc≥ of using milk r≥plac≥r 
b≥li≥v≥ that calv≥s ≤on’t lik≥ it. Not a singl≥ farm≥r 
was foun≤ using ur≥a tr≥at≥≤ wh≥at straw an≤ ur≥a 
molass≥s blocks. Most of th≥ farm≥rs w≥r≥ ≥v≥n not 
awar≥ about th≥s≥ two t≥chnologi≥s. Farm≥rs w≥r≥ 
awar≥ of silag≥ making but ≤i≤ not in≤ any n≥≥≤ 
for it in th≥ pr≥s≥nc≥ of wh≥at straw. Our in≤ings 
ar≥ compl≥t≥ly in lin≥ with Bilal ≥t al. (′İİ8). 

N≥onatal car≥ 
 All farm≥rs f≥≤ colostrum to th≥ir calv≥s. 
How≥v≥r, timing of colostrum f≥≥≤ing vari≥s. 
58.6% farm≥rs f≥≤ colostrum to th≥ir calv≥s within 
′ to ″ h of th≥ir birth. ′ı.4% farm≥rs f≥≤ within 4 to 
6 h whil≥ th≥ r≥st ′İ% f≥≤ colostrum to th≥ir calv≥s 
only aft≥r th≥ r≥l≥as≥ of plac≥nta by th≥ animal 
(Tabl≥ 4). It is v≥ry important to f≥≥≤ colostrum 
within ′ to ″ h of birth sinc≥ it is a w≥ll-≥stablish≥≤ 
fact that ≤≥lay in f≥≥≤ing of colostrum l≥a≤s to 
low≥r≥≤ ≥ff≥ctiv≥n≥ss of th≥ colostrum in t≥rms of 
provi≤ing immunity to calv≥s (Sharma an≤ Mishra, 
ı987). Pr≥vious stu≤i≥s hav≥ r≥port≥≤ farm≥r’s 
misplac≥≤ p≥rc≥ptions about colostrum f≥≥≤ing. 
Th≥s≥ inclu≤≥ colostrum f≥≥≤ing imm≥≤iat≥ly aft≥r 
birth is injurious an≤ will caus≥ worm inf≥station, 
obstruction of gastro-int≥stinal tract, ≤iarrh≥a 
an≤ will r≥sult in animal not r≥l≥asing plac≥nta 
(Kumar, ′İİ′; Khan ≥t al., ′İİ7; Bilal ≥t al., ′İİ8; 
Ahma≤ ≥t al., ′İİ9). As p≥r our obs≥rvation, th≥s≥ 
misp≥rc≥ptions hav≥ chang≥≤ to som≥ ≥xt≥nt in 
our  stu≤y  ar≥a,  th≥r≥for≥,  our  in≤ings  r≥lat≥≤  to 
colostrum f≥≥≤ing ≤iff≥r from thos≥ r≥port≥≤ by 
Bilal ≥t al. (′İİ8); Ahma≤ ≥t al. (′İİ9); Mustafa ≥t 
al. (′İıİ); Saghir ≥t al. (′İı4). Both gov≥rnm≥nt 
an≤ privat≥ v≥t≥rinarians an≤ para-v≥t≥rinary staff 
hav≥ play≥≤ th≥ir rol≥ in this r≥gar≤. How≥v≥r, 
mor≥ ≥fforts ar≥ n≥≥≤≥≤ in this r≥gar≤ sinc≥ th≥r≥ 
is still a sizabl≥ proportion of farm≥rs i.≥. 4ı.4% 
who ar≥ ≥ith≥r ≤≥laying colostrum f≥≥≤ing or ar≥ 
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Tabl≥ ″. Variabl≥s r≥lat≥≤ to calf f≥≥≤ing.

Variabl≥s
T≥hsil
Lo≤hran 
(%)

T≥hsil
Kahror 
Pacca (%)

T≥hsil 
Dunyapur 
(%)

Ov≥rall 
District 

Lo≤hran (%)
P-valu≥s

Stall f≥≥≤ ıİİ ıİİ ıİİ ıİİ N/A
Us≥ of milk r≥plac≥r ıİ 7.5 ıİ 9.″ İ.899
Off≥r conc≥ntrat≥ f≥≥≤s 5″.″ ″5 ″7.5 4″.6 İ.ı′7
Ur≥a tr≥at≥≤ wh≥at straw usag≥  İ İ İ İ N/A
Ur≥a molass≥s block usag≥  İ İ İ İ N/A
Silag≥ making an≤ usag≥  ı.7 İ İ İ.7 İ.5ıı

Tabl≥ 4. Calf n≥onatal car≥ practic≥s.

Variabl≥s
T≥hsil
Lo≤hran 
(%)

T≥hsil
Kahror 
Pacca (%) 

T≥hsil 
Dunyapur 
(%)

Ov≥rall 
District 

Lo≤hran (%)
P-valu≥s

Colostrum f≥≥≤ing
Colostrum f≥≥≤ing within ′-″ 
hours of birth 55 57.5 65 58.6 İ.6İ′
Colostrum f≥≥≤ing within 4-6 
hours of birth ′İ ′5 ′İ ′ı.4 İ.8İ9
Colostrum f≥≥≤ing aft≥r r≥l≥as≥ 
of plac≥nta ′5 ı7.5 ı5 ′İ İ.4′″
Nav≥l cor≤ cutting an≤ 
≤isinf≥ction 7″.″ 75 8İ 75.7 İ.74′
B≥≤≤ing provi≤≥≤ 65 5′.5 7İ 6′.9 İ.′4″
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waiting for animals to r≥l≥as≥ plac≥nta which 
r≥sults in low≥r immunity l≥v≥ls for th≥ir calv≥s.
 It is imp≥rativ≥ to tak≥ prop≥r car≥ of nav≥l 
cor≤ aft≥r th≥ birth of calf sinc≥ it is a chann≥l 
through which inf≥ctious ag≥nts can ≥nt≥r into 
th≥ bloo≤ or un≤≥rlying tissu≥s which can l≥a≤ to 
c≥rtain s≥rious ≤is≥as≥s in n≥wborn calf (Tiwari ≥t 
al., ′İİ7). Pr≥vious stu≤i≥s hav≥ r≥port≥≤ abysmal 
stat≥ of affairs r≥gar≤ing nav≥l cor≤ cutting an≤ 
≤isinf≥ction (Tiwari ≥t al., ′İİ7; Bilal ≥t al., ′İİ8; 
Ahma≤ ≥t al., ′İİ9; Arif ≥t al., ′İı″; Saghir ≥t al., 
′İı4). Our in≤ings show mark≥≤ improv≥m≥nt in 
this r≥gar≤ with mor≥ than 75% farm≥rs practicing 
nav≥l cor≤ cutting an≤ ≤isinf≥ction. How≥v≥r, w≥ 
not≥≤ that farm≥rs w≥r≥ ≤iluting th≥ ≤isinf≥ctant 
to a gr≥at ≥xt≥nt. Again, th≥r≥ has b≥≥n signiicant 
improv≥m≥nt in awar≥n≥ss among th≥ farm≥rs 
about th≥ rol≥ of nav≥l cor≤ car≥ in pr≥v≥nting 
s≥rious ≤is≥as≥s in n≥wborn calv≥s. Th≥r≥ still is 
room for improv≥m≥nt in this r≥gar≤ sinc≥ ′5% 
farm≥rs who ar≥ not practicing nav≥l cor≤ car≥ ar≥ 
≥xposing th≥ir n≥wborn calv≥s to ≤is≥as≥s. Contrary 
to Mustafa ≥t al. (′İıİ) who r≥port≥≤ n≥gligibl≥ 
proportion of farm≥rs provi≤ing prop≥r b≥≤≤ing, 
approximat≥ly 6″% farm≥rs w≥r≥ provi≤ing som≥ 
form of b≥≤≤ing for th≥ n≥w born calv≥s. Th≥ 
b≥≤≤ing mat≥rial ≤≥p≥n≤≥≤ upon what≥v≥r was 
availabl≥ an≤ affor≤abl≥ at th≥ tim≥ of calf birth.

Calf h≥alth car≥ practic≥s
 All farm≥rs off≥r≥≤ tr≥atm≥nt to th≥ir 
≤is≥as≥≤ calv≥s. How≥v≥r, 87.ı% farm≥rs r≥port≥≤ 
trying s≥lf-m≥≤ication irst sinc≥ th≥y b≥li≥v≥ that 
calling v≥t≥rinarian ≥v≥ry tim≥ a calf is sick is 
compl≥t≥ly un-≥conomical (Tabl≥ 5). This in≤ing 
is in lin≥ with Mustafa ≥t al. (′İıİ) who r≥port≥≤ 
that 9İ% of small farm≥rs w≥r≥ practicing s≥lf-
m≥≤ication. Farm≥rs will skip s≥lf-m≥≤ication only 
if th≥ situation is critical. If s≥lf-m≥≤ication has 

fail≥≤ or th≥ situation is critical almost all farm≥rs 
woul≤ call v≥t≥rinarian who in mor≥ than 5İ% 
cas≥s woul≤ turn out to b≥ a privat≥ para-v≥t≥rinary 
staff an≤ not a prop≥r v≥t≥rinarian. This is in sharp 
contrast to Ahma≤ ≥t al. (′İİ9) who r≥port≥≤ that 
6İ.4% farm≥rs n≥v≥r call≥≤ a v≥t≥rinarian. Th≥r≥ 
was statistically signiicant ≤iff≥r≥nc≥ at P<İ.İ5 in 
th≥ willingn≥ss to ≥at ≤is≥as≥≤ calf among th≥ thr≥≥ 
t≥hsils.
 Th≥r≥ is h≥ight≥n≥≤ awar≥n≥ss among 
farm≥rs about th≥ importanc≥ of vaccination 
in pr≥v≥nting ≤is≥as≥s ≤u≥ to pr≥vious loss≥s, 
awar≥n≥ss g≥n≥rat≥≤ by v≥t≥rinary p≥rsonn≥l an≤ 
poor ≥conomic con≤ition g≥n≥rally wh≥r≥ th≥ loss 
of ≥v≥n a singl≥ calf can put a ≤≥nt in th≥ir ≥conomic 
con≤ition. Du≥ to int≥rplay of th≥s≥ factors, w≥ 
r≥cor≤≥≤ ≥xc≥ptionally goo≤ vaccination rat≥ of 
94.″% in comparison to pr≥vious stu≤i≥s of Khan 
≥t al. (′İİ7); Bilal ≥t al. (′İİ8); Mustafa ≥t al. 
(′İıİ). Our in≤ings ar≥ mor≥ in lin≥ with Arif ≥t 
al. (′İı″).
 Almost all farm≥rs i.≥. 98.6% w≥r≥ 
p≥rforming ≤r≥nching an≤ ≤ipping on th≥ir calv≥s. 
A major r≥ason of calf mortality is th≥ parasitic loa≤ 
in th≥ calv≥s ≤u≥ to which th≥ir h≥alth ≤≥t≥riorat≥s 
an≤ th≥ calf oft≥n ≤i≥s (Sharma an≤ Mishra, ı987). 
Wi≤≥spr≥a≤ a≤option of ≤r≥nching an≤ ≤ipping 
practic≥ in ≤istrict Lo≤hran ≤≥monstrat≥ farm≥r’s 
awar≥n≥ss an≤ s≥riousn≥ss about th≥ importanc≥ of 
≤≥worming practic≥s in controlling ≥n≤o an≤ ≥cto-
parasit≥s to k≥≥p th≥ir calv≥s h≥althy. How≥v≥r, 
mor≥ awar≥n≥ss n≥≥≤ to b≥ g≥n≥rat≥≤ about th≥ 
importanc≥  an≤  b≥n≥its  of  sch≥≤ul≥≤  an≤  routin≥ 
≤≥worming practic≥s sinc≥ at l≥ast half of th≥ 
farm≥rs w≥r≥ p≥rforming ≤≥worming only wh≥n 
n≥≥≤≥≤ ≤≥p≥n≤ing upon visual cu≥s. As p≥r our 
obs≥rvation, th≥ l≥ss≥r th≥ numb≥r of calv≥s a 
farm≥r ha≤, th≥ mor≥ s≥rious h≥ was about a≤opting 
practic≥s to k≥≥p his calv≥s h≥althy an≤ to avoi≤ 
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loss≥s ≤u≥ to ≤is≥as≥s.
 Du≥ to improv≥≤ a≤option rat≥s of practic≥s 
lik≥ vaccination, ≤≥worming, colostrum f≥≥≤ing 
an≤ nav≥l cor≤ car≥ w≥ r≥cor≤≥≤ much low≥r calf 
mortality rat≥ (ı8.78%) than thos≥ r≥port≥≤ by 
Tiwari ≥t al. (′İİ7); Bilal ≥t al. (′İİ8); Ahma≤ ≥t 
al. (′İİ9). Our in≤ing r≥gar≤ing calf mortality rat≥ 
is compl≥t≥ly in lin≥ with Khan ≥t al. (′İİ7) who 
r≥port≥≤ calf mortality rat≥ of ı7.98%.

W≥aning an≤ s≥lling ag≥
 In mo≤≥rn ≤airy farming ≥arly w≥aning 
of calv≥s is n≥c≥ssary in or≤≥r to sav≥ milk for 

mark≥ting purpos≥. How≥v≥r, w≥ not≥≤ fairly high 
w≥aning ag≥ in our stu≤y wh≥r≥ farm≥rs w≥r≥ not 
w≥aning th≥ir calv≥s at ag≥ l≥ss than 6 months. 
Similar  in≤ings  hav≥  b≥≥n  r≥port≥≤  pr≥viously 
(Khan ≥t al., ′İİ7; Arif ≥t al., ′İı4). This situation 
is unlik≥ly to chang≥ unl≥ss farm≥rs ar≥ convinc≥≤ 
for th≥ us≥ of milk r≥plac≥r which woul≤ ≥nhanc≥ 
farm≥r’s  proitability.  Mustafa ≥t al. (′İıİ) not≥≤ 
that most farm≥rs pr≥f≥r to s≥ll th≥ir calv≥s at v≥ry 
young ag≥. Farm≥rs consi≤≥r≥≤ mal≥ calv≥s as an 
≥conomic bur≤≥n an≤ a loss in milk pro≤uction. 
Th≥r≥for≥, 9İ% farm≥rs in his stu≤y sol≤ mal≥ 
calv≥s b≥for≥ th≥ ag≥ of 6 months, wh≥r≥as f≥mal≥ 

Tabl≥ 5. Variabl≥s r≥lat≥≤ to calf h≥alth car≥.

Variabl≥s
T≥hsil
Lo≤hran 
(%)

T≥hsil
Kahror 
Pacca (%)

T≥hsil 
Dunyapur 
(%)

Ov≥rall 
District 

Lo≤hran (%)
P-valu≥s

Tr≥atm≥nt off≥r≥≤ ıİİ ıİİ ıİİ ıİİ N/A
S≥lf-m≥≤ication irst 86.7 9İ 85 87.ı İ.79′
Consult v≥t≥rinarian ıİİ 97.5 ıİİ 99.″ İ.′84
Typ≥/typ≥s of m≥≤icin≥s off≥r≥≤
V≥t≥rinary m≥≤icin≥s ıİİ 97.5 ıİİ 99.″ İ.′84
Tra≤itional, ≤≥si or ≥thno-
v≥t≥rinary m≥≤icin≥s 96.7 85 9İ 9ı.4 İ.ıı6
Human m≥≤icin≥s İ İ İ İ N/A
Eat ≤is≥as≥≤ calf if ≥≤ibl≥ 9″.″a,b ıİİb 85a 9′.9 İ.İ″″
Vaccination 96.7 9′.5 9′.5 94.″ İ.576

Dr≥nching p≥rform≥≤
Routin≥ly 48.″ 55 45 49.″ İ.7″8
Only wh≥n n≥≥≤≥≤ 5İ 4′.5 55 49.″
N≥v≥r ı.7 ′.5 İ ı.4

Dipping p≥rform≥≤
Routin≥ly ″8.″ ′5 ″İ ″′.′ İ.558
Only wh≥n n≥≥≤≥≤ 6İ 7′.5 7İ 66.4
N≥v≥r ı.7 ′.5 İ ı.4
Calf mortality rat≥ of last ı′ 
months ′İ.′6ı ı6.494 ı8.75 ı8.784 N/A
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calv≥s w≥r≥ sol≤ with buffalo≥s. Contrary to his 
in≤ings,  in  our  stu≤y  ov≥rwh≥lming  majority  of 
farm≥rs i.≥. 9İ% in≤icat≥≤ th≥ir willingn≥ss to s≥ll 
calv≥s wh≥th≥r th≥y ar≥ mal≥ or f≥mal≥ b≥tw≥≥n 
′4 to ″6 months of ag≥ provi≤≥≤ th≥r≥ ar≥ no 
pr≥ssing n≥≥≤s. Farm≥rs w≥r≥ not willing to s≥ll 
calv≥s at a v≥ry young ag≥ b≥caus≥ of unfavorabl≥ 
pric≥s. S≥con≤ly, calv≥s ag≥≤ b≥tw≥≥n ′ to ″ y≥ars 
normally ar≥ g≥tting a goo≤ pric≥ at th≥ occasion of 
Ei≤-ul-A≤ha. Th≥r≥for≥, th≥r≥ is a t≥n≤≥ncy among 
farm≥rs to k≥≥p calv≥s till th≥ ag≥ of ′4 months. 
Du≥ to r≥c≥nt tr≥n≤ of g≥tting goo≤ pric≥s at Ei≤-
ul-A≤ha  calf  r≥aring  is  consi≤≥r≥≤  proitabl≥  by 
th≥ farm≥rs an≤ inst≥a≤ of b≥ing consi≤≥r≥≤ as an 
≥conomic bur≤≥n calv≥s hav≥ b≥com≥ valuabl≥ 
ass≥ts in farm≥r’s ≥y≥s.

CONCLUSION

Our  in≤ings  shows  that  th≥r≥  hav≥  b≥≥n 
mark≥≤ improv≥m≥nts in som≥ param≥t≥rs lik≥ 
vaccination, colostrum f≥≥≤ing, nav≥l cor≤ car≥ 
an≤ ≤≥worming practic≥s culminating in a low≥r 
calf mortality rat≥. How≥v≥r farm≥rs ar≥ still 
following tra≤itional m≥tho≤s an≤ practic≥s in 
many asp≥cts of calf r≥aring ≥sp≥cially in f≥≥≤ing, 
housing an≤ w≥aning ≤u≥ to s≥v≥r≥ lack of training. 
Calf  pro≤uctivity  an≤  farm≥rs  proitability  will 
not improv≥ without th≥ a≤option of mo≤≥rn an≤ 
sci≥ntiic  m≥tho≤s  an≤  practic≥s  of  calf  r≥aring. 
Smallhol≤≥r calf r≥aring is labor int≥nsiv≥ an≤ 
can provi≤≥ ≥mploym≥nt opportuniti≥s to th≥ 
un≥mploy≥≤ rural youth. Th≥ n≥≥≤ of th≥ hour 
ar≥ prop≥r policy int≥rv≥ntions an≤ appropriat≥ly 
≤≥sign≥≤ training programs to promot≥ calf r≥aring 
on mo≤≥rn an≤ sci≥ntiic m≥tho≤s k≥≥ping in min≤ 
th≥ local con≤itions. This if ≤on≥ prop≥rly, can 
b≥com≥ an ≥ngin≥ of growth in rural ar≥as thus 

provi≤ing ≥mploym≥nt opportuniti≥s in rural ar≥as 
an≤ ch≥cking population shift from rural to urban 
ar≥as. Furth≥rmor≥, this will h≥lp in m≥≥ting ≥v≥r 
incr≥asing ≤≥man≤ of milk an≤ m≥at pro≤ucts an≤ 
may also contribut≥ to for≥ign ≥xchang≥ ≥arnings 
through ≥xports.
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ABSTRACT

Data on 497ı t≥st-≤ay milk yi≥l≤ traits 
[milk (TDMY), fat (TDFY) an≤ prot≥in (TDPY)] 
for 69ı Egyptian buffalo cows, ≤aught≥rs of 
ı′İ  sir≥s  an≤  5″′  ≤ams  w≥r≥  us≥≤  for  itting  th≥ 
lactation curv≥ param≥t≥rs of milk, fat an≤ prot≥in 
yi≥l≤s using multipl≥-trait animal mo≤≥l. Th≥ 
ran≤om ≥ff≥cts inclu≤≥≤ in th≥ mo≤≥l w≥r≥ ≤ir≥ct 
a≤≤itiv≥ g≥n≥tic, p≥rman≥nt ≥nvironm≥nt an≤ ≥rror, 
whil≥ th≥ ix≥≤ ≥ff≥cts w≥r≥ h≥r≤ t≥st-≤ay, y≥ar an≤ 
s≥ason of calving an≤ parity as w≥ll as ≤ays in milk 
as a covariabl≥.

Th≥ m≥ans for TDMY, TDFY, TDPY an≤ 
lactation curv≥ param≥t≥rs [initial (a), asc≥n≤ing 
slop≥ (b), ≤≥sc≥n≤ing slop≥ (c), p≥rsist≥ncy (P), 
an≤  maximum  milk  pro≤uction  ≤uring  lactation 
(Ymax) an≤ th≥ p≥ak t≥st-≤ay (PY)] w≥r≥ ≥stimat≥≤. 
H≥ritabiliti≥s  of TDMY,  a,  b,  c,  P,  PY  an≤ Ymax 
w≥r≥ İ.′′, İ.″7, İ.″8, İ.″9, İ.″7, İ.″7 an≤ İ.″8, 
r≥sp≥ctiv≥ly. Th≥ corr≥spon≤ing h≥ritabiliti≥s for 
TDFY an≤ fat curv≥ param≥t≥rs w≥r≥ İ.′ı, İ.4ı, 
İ.4İ, İ.″9, İ.″8, İ.″6 an≤ İ.4′, whil≥ th≥ ≥stimat≥s 
for TDPY an≤ prot≥in curv≥ param≥t≥rs w≥r≥ İ.′′, 
İ.″8, İ.4İ, İ.4İ, İ.″8, İ.4İ an≤ İ.4″, r≥sp≥ctiv≥ly. 
G≥n≥tic corr≥lations among TDMY an≤ curv≥ 
param≥t≥rs of a, b, c, P, PY an≤ Ymax w≥r≥ İ.″ı, 
-İ.′″, -İ.″4, İ.5′, İ.48 an≤ İ.87, r≥sp≥ctiv≥ly. 
G≥n≥tic an≤ ph≥notypic corr≥lations b≥tw≥≥n milk 

yi≥l≤ traits w≥r≥ high (mostly of İ.8″ an≤ İ.99), lik≥ 
th≥ corr≥lations b≥tw≥≥n curv≥ param≥t≥r in milk, 
fat an≤ prot≥in (from İ.7ı to İ.96). In practic≥, 
g≥n≥tic s≥l≥ction for lactation curv≥ param≥t≥rs 
(a,  P  an≤  Ymax)  in  th≥  Egyptian  buffalo  woul≤ 
improv≥ total milk yi≥l≤ traits.

K≥ywor≤s: Bubalus bubalis, buffalo≥≤, Egyptian 
buffalo, lactation curv≥ param≥t≥rs, g≥n≥tic 
param≥t≥rs

INTRODUCTION

Th≥ total numb≥r of buffalo in Egypt is 
≥stimat≥≤ to b≥ ″.9 million. It is a v≥ry w≥ll a≤apt≥≤ 
animal to th≥ small-hol≤≥r con≤itions an≤ is rais≥≤ 
un≤≥r th≥ ≥xt≥nsiv≥ pro≤uction syst≥m. Th≥r≥for≥, 
it plays as important rol≥ in Egyptian agricultur≥. It 
is th≥ main ≤airy animal in Egypt; its contribution 
to th≥ country’s milk pro≤uction is n≥arly 45.5% 
(FAOSTAT, ′İı″). In g≥n≥ral, lactation curv≥s in 
≤airy animals r≥ach th≥ p≥ak yi≥l≤ aft≥r calving 
an≤ th≥n ≤≥cr≥as≥ st≥a≤ily aft≥r p≥ak yi≥l≤ to th≥ 
≤rying off (Swalv≥ an≤ Guo, ı999). Bas≥≤ on th≥ 
information obtain≥≤ from th≥ curv≥ (≥.g. ≤ays in 
milk  to  p≥ak,  maximum  milk  pro≤uction  ≤uring 
lactation an≤ lactation p≥rsist≥ncy), it can b≥ us≥≤ 
as a tool for ≥valuating an≤ s≥l≥cting th≥ lactating 
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h≥r≤s (Swalv≥, ı995). P≥rsist≥ncy of lactation 
has ≤ir≥ct ≥conomic valu≥ as it is th≥ ability of a 
buffalo cow to continu≥ pro≤ucing milk at a high 
l≥v≥l aft≥r th≥ p≥ak of h≥r lactation. 

Som≥ r≥s≥arch≥rs ≤≥riv≥≤ th≥ lactation 
curv≥ param≥t≥rs of milk, fat an≤ prot≥in traits. 
Aziz ≥t al. (′İİ6) tri≥≤ to it th≥ lin≥ar logarithmic 
transform≥≤ form of th≥ Incompl≥t≥ Gamma 
function Woo≤ (ı967) to w≥≥kly milk yi≥l≤ r≥cor≤s 
to ≤≥scrib≥ th≥ shap≥ of th≥ lactation curv≥ for th≥ 
irst four lactations of th≥ Egyptian buffalo≥s. Th≥ 
author m≥ntion≥≤ that Woo≤’s function s≥≥m≥≤ to 
b≥ suitabl≥ for Egyptian lactation ≤ata an≤ might b≥ 
us≥≤ for pr≥≤icting th≥ whol≥ lactation yi≥l≤ from 
part lactation ≤ata. This r≥sult agr≥≥s with oth≥r 
work pr≥s≥nt≥≤ by Foo≤a ≥t al. (′İıİ). Ab≤≥l-
Salam ≥t al. (′İıı) for Egyptian buffalo foun≤ 
that, in comparison b≥tw≥≥n Woo≤, Wilmink an≤ 
Guo  an≤  Swalv≥,  th≥  goo≤n≥ss-of-it  statistics  of 
th≥ ≥xp≥ct≥≤ curv≥s for ≤aily milk, fat an≤ prot≥in 
yi≥l≤,  for  th≥  b≥st-it  mo≤≥ls,  app≥ar  that  Woo≤ 
mo≤≥l  gav≥  th≥  b≥st  it  for  th≥  stu≤i≥≤  crit≥ria. 
Th≥ obj≥ctiv≥ of this stu≤y was inv≥stigating th≥ 
g≥n≥tic improv≥m≥nt possibiliti≥s for t≥st-≤ay milk 
yi≥l≤ traits an≤ th≥ir lactation curv≥ param≥t≥rs in 
th≥ Egyptian buffalo. 

MATERIALS AND METHODS

Datas≥t
   A total of 497ı t≥st-≤ay milk, fat an≤ 
prot≥in yi≥l≤ r≥cor≤s was us≥≤ in this stu≤y an≤ 
th≥y w≥r≥ coll≥ct≥≤ at monthly int≥rvals ov≥r 
th≥ p≥rio≤ from ı999 through ′İİ9 from four 
buffalo  ≥xp≥rim≥ntal  h≥r≤s  (El-Nattaf≥  El-Ga≤i≤, 
El-Nattaf≥ El-Ka≤im, Mahal≥t Mousa an≤ El-
G≥mmiza) b≥longing to th≥ Animal Pro≤uction 
R≥s≥arch Institut≥ (APRI), Ministry of Agricultur≥, 
Egypt. T≥st ≤ay milk yi≥l≤ (TDMY) r≥cor≤s w≥r≥ 
m≥asur≥≤ following an alt≥rnativ≥ am-pm monthly 
r≥cor≤ing sch≥m≥. Milking was practic≥≤ twic≥ 
a ≤ay at 7 am an≤ 4 pm throughout th≥ lactation 
p≥rio≤. In g≥n≥ral, using TD mo≤≥ls coul≤ hav≥ 
a≤vantag≥s ov≥r a ″İ5-≤ay mo≤≥l (Swalv≥, ı995). 
All th≥ known r≥lationships among th≥ in≤ivi≤uals 
w≥r≥ consi≤≥r≥≤ in th≥ animal mo≤≥l ≥mploy≥≤ 
in analysis. Th≥ structur≥ of th≥ ≤ata analyz≥≤ is 
shown in Tabl≥ ı.

M≥asuring th≥ fat an≤ prot≥in p≥rc≥ntag≥s in 
milk

Fat an≤ prot≥in quantiti≥s w≥r≥ m≥asur≥≤ 
by th≥ automat≥≤ m≥tho≤ of infrar≥≤ absorption 
sp≥ctrophotom≥try (Milk-o-Scan; Foss El≥ctric, 
Hill≥rφ≤,  D≥nmark)  at  th≥  Dairy  S≥rvic≥s  Unit, 

Tabl≥ ı. Structur≥ of t≥st ≤ay ≤ata analyz≥≤ for Egyptian buffalo≥s.
It≥m Data

No. of sir≥s ı′İ
No. of ≤ams 5″′
No. of cows with r≥cor≤s 69ı
No. of bas≥ animals 469
No of non-bas≥ animals 684
Total numb≥r of animals ıı5″
Total numb≥r of lactation r≥cor≤s 497ı
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Animal Pro≤uction R≥s≥arch Institut≥, Sakha, Kafr 
El-Sh≥ikh Gov≥rnorat≥. Th≥ ≤≥vic≥ n≥≥≤s a s≥t of 
solutions:  Th≥  irst  solution  is  us≥≤  to  wash  th≥ 
≤≥vic≥ aft≥r th≥ analysis of th≥ sampl≥s an≤ b≥for≥ 
turning it off th≥ nam≥ of this solution non foaming 
st≥lla İ.5% (Foss company ≥l≥ctric D≥nmark). Th≥ 
s≥con≤ solution is us≥≤ to r≥s≥t th≥ ≤≥vic≥ which 
giv≥s th≥ r≥a≤ings İ.İİİ so it is r≥a≤y to r≥a≤ th≥ 
n≥w sampl≥s an≤ its nam≥ is Triton x-ıİİ an≤ w≥ 
us≥ only ı cm/lit≥r of ≤istill≥≤ wat≥r, an≤ inally w≥ 
hav≥ to giv≥ th≥ ≤≥vic≥ th≥ or≤≥r Prog ′ th≥n Prog 
″ th≥n Prog 4, an≤ th≥n th≥ ≤≥vic≥ is programm≥≤ 
to r≥a≤ th≥ buffalo milk sampl≥s. Aft≥r that has 
b≥≥n conv≥rt≥≤ th≥ p≥rc≥ntag≥s of fat an≤ prot≥in 
to yi≥l≤s in grams.

Estimating th≥ curv≥ param≥t≥rs of milk, fat 
an≤ prot≥in yi≥l≤s

In this work, th≥ shap≥ of th≥ milk, fat an≤ 
prot≥in curv≥s of Egyptian buffalo≥s w≥r≥ stu≤i≥≤ 
using th≥ gamma typ≥ function (Woo≤, ı967) which 
was  ≤≥scrib≥≤  as  sufici≥ntly  goo≤  for  mo≤≥ling 
≥xt≥n≤≥≤  lactations  (Ab≤≥l-Salam ≥t al., ′İıı). 
Th≥ following gamma-typ≥ function was us≥≤ for 
≤≥scribing th≥ lactation curv≥ of all param≥t≥rs: 

Yn = anb ≥-cn

Th≥ constants a, b an≤ c w≥r≥ calculat≥≤ 
by using a g≥n≥ral lin≥ar mo≤≥l (GLM) proc≥≤ur≥ 
of SAS softwar≥ (SAS, ′İİ′); wh≥r≥ Yn is th≥ 
t≥st-≤ay milk (kg), fat (g) an≤ prot≥in yi≥l≤s (g), 
in th≥ nth month of lactation, a is th≥ initial yi≥l≤, b 
≤≥scribing th≥ rat≥ of pro≤uction incr≥as≥ up to th≥ 
p≥ak ≤uring th≥ asc≥n≤ing phas≥, c ≤≥scrib≥s th≥ 
rat≥ of yi≥l≤ ≤≥cr≥as≥ ≤uring th≥ ≤≥sc≥n≤ing phas≥ 
an≤ ≥ is bas≥ of natural logarithms. Th≥ NLIN 
proc≥≤ur≥ of SAS softwar≥ was us≥≤ for itting th≥ 
gamma  typ≥  function.  Aft≥r  itting  th≥  function, 

th≥ following compon≥nts w≥r≥ ≥stimat≥≤ from th≥ 
primary compon≥nts of th≥ ≥quation. P≥rsist≥ncy 
of lactation (P = -(b+ı)Ln(c)) was also ≥stimat≥≤. 
Days in milk (DIM) at p≥ak yi≥l≤ (PY) was ≤≥in≥≤ 
as b/c an≤ th≥ maximum pro≤uction ≤uring lactation 
(Ymax)  was  calculat≥≤  as  a(b/c)b≥-b accor≤ing to 
Woo≤ (ı967). 

G≥n≥tic analysis for lactation curv≥ param≥t≥rs
Varianc≥ an≤ covarianc≥ compon≥nts 

(≤ir≥ct a≤≤itiv≥ g≥n≥tic, p≥rman≥nt ≥nvironm≥ntal, 
≥rror an≤ ph≥notypic) an≤ h≥ritabiliti≥s w≥r≥ 
≥stimat≥≤ using th≥ following lin≥ar multi-trait 
r≥p≥atability animal mo≤≥l of th≥ VCE6 program 
(Gro≥n≥v≥l≤ ≥t al., ′İıİ): 

Yijklmno = μ + Ai + P≥j + HTDk + Y≥l + Pam + Sn + 
b(A) + ≥ijklmno

Wh≥r≥: Yijklmn = Th≥ r≥cor≤≥≤ trait of t≥st-
≤ay yi≥l≤s (milk, fat an≤ prot≥in), initial yi≥l≤, 
asc≥n≤ing phas≥, ≤≥sc≥n≤ing phas≥, p≥rsist≥ncy, 
DIM at p≥ak yi≥l≤ an≤ maximum pro≤uction ≤uring 
lactation; μ = Th≥ ov≥rall m≥an; Ai = Th≥ a≤≤itiv≥ 
g≥n≥tic ran≤om ≥ff≥ct of buffalo, assum≥≤ to b≥ 
NID  (İ,  σ′a); P≥j = Th≥ p≥rman≥nt ≥nvironm≥ntal 
ran≤om ≥ff≥ct, assum≥≤ to b≥ NID (İ, σ′p≥); HTDk 
= Th≥ ix≥≤ ≥ff≥ct of th≥ kth h≥r≤-t≥st-≤ay (k = 4İ 
l≥v≥ls for all pariti≥); Y≥l  = Th≥  ix≥≤  ≥ff≥ct  of  lth 
y≥ar of calving (l = ıİ l≥v≥ls for all pariti≥); Pam 
= Th≥  ix≥≤  ≥ff≥ct  of  mth parity (m = 5 l≥v≥ls for 
all pariti≥); Sn  = Th≥  ix≥≤  ≥ff≥ct  of  nth s≥ason of 
calving (n = ′ l≥v≥l); b(A) = Th≥ covariabl≥ for 
≤ays in milk; ≥ijklmno = Th≥ ran≤om r≥si≤ual t≥rm 
associat≥≤ with ≥ach obs≥rvation. Th≥ pr≥vious 
r≥p≥atability animal mo≤≥l coul≤ b≥ writt≥n in th≥ 
following matrix structur≥:

y = Xb + Za a + Zc c + ≥



Buffalo Bull≥tin (January-March ′İı9) Vol.″8 No.ı

7İ

Wh≥r≥: y = Th≥ v≥ctor of lactation 
obs≥rvations,  X  =  Th≥  inci≤≥nc≥  matrix  r≥lating 
th≥ ix≥≤ ≥ff≥cts to y, b = Th≥ v≥ctor of an ov≥rall 
m≥an an≤ th≥ ix≥≤ ≥ff≥cts of h≥r≤ t≥st ≤ay, parity, 
y≥ar an≤ s≥ason of calving an≤ ≤ays in milk (as a 
covariabl≥), Za = Th≥ inci≤≥nc≥ matrix r≥lating th≥ 
≤ir≥ct a≤≤itiv≥ g≥n≥tic ≥ff≥cts to y, a = Th≥ v≥ctor of 
th≥ ran≤om ≤ir≥ct a≤≤itiv≥ g≥n≥tic ≥ff≥ct associat≥≤ 
with th≥ inci≤≥nc≥ matrix Za, Zc = Th≥ inci≤≥nc≥ 
matrix  r≥lating  th≥  p≥rman≥nt  ≥nvironm≥ntal 
≥ff≥ct, c = Th≥ v≥ctor of p≥rman≥nt ≥nvironm≥ntal 
≥ff≥ct associat≥≤ with th≥ inci≤≥nc≥ matrix Zc an≤ 
≥ = Th≥ v≥ctor of ran≤om r≥si≤ual ≥ff≥cts N (İ, 
Isβ≥)  wh≥r≥  I  is  an  i≤≥ntity  matrix. Th≥  varianc≥-
covarianc≥ compon≥nts of th≥ ran≤om ≥ff≥cts w≥r≥ 
as follows:

Wh≥r≥: a = Num≥rator r≥lationship matrix, 
Ic, In = i≤≥ntity matrix with or≤≥r ≥qual to numb≥r 
of animals an≤ numb≥r of r≥cor≤s, r≥sp≥ctiv≥ly, 
σ′a, σ′c, σ′≥, an≤ ar≥ th≥ varianc≥s ≤u≥ to ≥ff≥cts of 
≤iract a≤≤itiv≥ g≥n≥tic, p≥rman≥nt ≥nvironm≥ntal 
an≤ ran≤om ≥rror, r≥sp≥ctiv≥ly. Occurr≥nc≥ of local 
maxima was ch≥ck≥≤ by r≥p≥at≥≤ly r≥starting th≥ 
analys≥s until th≥ log-lik≥lihoo≤ ≤i≤ not chang≥ 
b≥yon≤ th≥ irst ≤≥cimal. Th≥ h≥ritability (h′) was 
comput≥≤ as:

Wh≥r≥ σ′gi is th≥ a≤≤itiv≥ g≥n≥tic varianc≥ 
of th≥ ith  TD  milk  traits,  σ′pi is th≥ p≥rman≥nt 
≥nvironm≥ntal  varianc≥  an≤  σ′≥i is th≥ r≥si≤ual 

varianc≥. Similarly, th≥ g≥n≥tic corr≥lation 
co≥fici≥nts  (rgij) b≥tw≥≥n any two TDMY traits 
w≥r≥ calculat≥≤ by ≤ivi≤ing th≥ a≤≤itiv≥ g≥n≥tic 
covarianc≥s (σgij) b≥tw≥≥n any two TD’s milk yi≥l≤ 
traits (ith an≤ jth) by th≥ squar≥ root of th≥ pro≤uct 
of th≥ir a≤≤itiv≥ g≥n≥tic varianc≥s of (σ′gi an≤ σ′gj). 
Th≥n, th≥ g≥n≥tic corr≥lation b≥tw≥≥n th≥ ith an≤ jth 
TDMY traits is calculat≥≤ as:

Th≥ ≥stimat≥s of ph≥notypic corr≥lation 
co≥fici≥nts  (rpij) b≥tw≥≥n any two TDMY traits 
w≥r≥ calculat≥≤ as:

Th≥ ≥stimat≥s of p≥rman≥nt ≥nvironm≥ntal 
co≥fici≥nts  (rp≥ij) b≥tw≥≥n pairs of TDMY traits 
w≥r≥ calculat≥≤ as:

Pr≥≤ict≥≤ br≥≥≤ing valu≥s
Th≥ pr≥≤ict≥≤ br≥≥≤ing valu≥s (PBVs) 

w≥r≥ ≥stimat≥≤ by REML using th≥ comput≥r PEST 
packag≥ (Gro≥n≥v≥l≤ ≥t al., ′İİı) for t≥st-≤ay milk, 
fat an≤ prot≥in yi≥l≤s accor≤ing to th≥ r≥p≥atability 
animal  mo≤≥l  matrix  structur≥.  Th≥  solutions  for 
th≥ ≥quations of animals w≥r≥ comput≥≤ from th≥ 
p≥≤igr≥≥ il≥, on≥ animal at a tim≥ for animals with 
r≥cor≤s an≤ animals without r≥cor≤s (sir≥s an≤ 
≤ams). Th≥ ≤iagonal ≥l≥m≥nt (≤t) an≤ th≥ a≤just≥≤ 
right-han≤ si≤≥ (y*t) w≥r≥ accumulat≥≤ with ≥ach 
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p≥≤igr≥≥  il≥  r≥cor≤  for  th≥  tth animal. For th≥ 
animals with an≤ without r≥cor≤s, th≥ formula us≥≤ 
to ≥stimat≥ th≥ PBV was (K≥nn≥≤y, ı989): 

PBV = [yt/≤t]

 Th≥ lactation yi≥l≤ traits curv≥s w≥r≥ 
m≥asur≥≤ as th≥ r≥gr≥ssion of l≥ast squar≥s m≥ans 
an≤ br≥≥≤ing valu≥s on t≥st ≤ay. 

Plotting th≥ lactation curv≥ from th≥ ph≥notypic 
valu≥s an≤ th≥ br≥≥≤ing valu≥s for t≥st-≤ay milk, 
fat an≤ prot≥in yi≥l≤s 
 Th≥ lactation curv≥s from th≥ ph≥notypic 
valu≥s w≥r≥ m≥asur≥≤ as th≥ r≥gr≥ssion of l≥ast 
squar≥s m≥ans on t≥st-≤ay. As stat≥≤ b≥for≥, th≥ 
br≥≥≤ing valu≥s of th≥ animals with r≥cor≤s an≤ 
without r≥cor≤s w≥r≥ ≥stimat≥≤ using th≥ PEST 
program (Gro≥n≥v≥l≤ ≥t al., ′İİ′). Accor≤ingly, 
th≥ br≥≥≤ing valu≥s w≥r≥ m≥asur≥≤ by r≥gr≥ssing 
th≥ br≥≥≤ing valu≥s on t≥st-≤ay.

RESULTS AND DISCUSSION

M≥ans an≤ variations of lactation curv≥ 
param≥t≥rs

Th≥ t≥st-≤ay lactation curv≥ param≥t≥rs 
w≥r≥ calculat≥≤ using th≥ gamma-typ≥ function 
accor≤ing to Woo≤ (ı967) for initial milk yi≥l≤ 
(a), th≥ rat≥ of yi≥l≤ incr≥as≥ up to p≥ak (asc≥n≤ing 
phas≥, b), th≥ rat≥ of yi≥l≤ ≤≥cr≥as≥ ≤uring th≥ 
≤≥sc≥n≤ing phas≥ (c), p≥rsist≥ncy (P), th≥ ≤ays in 
milk to p≥ak or th≥ tim≥ r≥quir≥≤ to attain this p≥ak 
(PY)  an≤  th≥  maximum  p≥ak  milk  yi≥l≤  ≤uring 
lactation (Ymax).

Th≥ ≥stimat≥s of m≥ans, stan≤ar≤ 
≤≥viations, co≥fici≥nts of variation (CV), minimum 
an≤  maximum  ar≥  shown  in  Tabl≥  ′  for  TDMY, 

TDFY an≤ TDPY, a, b, c, P, PY an≤ Ymax for th≥ 
whol≥ ≤ata that w≥r≥ calculat≥≤ by th≥ logarithmic 
gamma-typ≥ function (Tabl≥ ′).

Th≥ m≥ans for TDMY (7.İİ kg), show≥≤ a 
lactation curv≥ initializing with 5.59 kg, follow≥≤ 
by an incr≥as≥ in milk yi≥l≤ until th≥ p≥ak of th≥ 
lactation, occurr≥≤ in th≥ thir≤ an≤ fourth t≥st-≤ay 
(İ.99 kg), an≤ a ≤≥cr≥as≥ until th≥ ≥n≤ of lactation 
for İ.ı9 kg for param≥t≥r c. M≥ans of p≥rsist≥ncy 
of lactation was also ≥stimat≥≤ to b≥ 6.İ9 kg. 

Th≥ r≥sult of param≥t≥r a in TDMY was th≥ 
sam≥ for thos≥ r≥port≥≤ by Kianza≤ ≥t al. (′İı″); 
Shokrollahi an≤ Hasanpur (′İı4), high≥r than 
thos≥ r≥port≥≤ by Atashi ≥t al. (′İİ9), but low≥r 
than thos≥ r≥port≥≤ by Bouall≥gu≥ ≥t al. (′İı″); 
Sahoo ≥t al. (′İı4); Sahoo ≥t al. (′İı5).

Th≥ rat≥ of incr≥as≥ to r≥ach th≥ p≥ak ≤uring 
th≥ asc≥n≤ing phas≥ (b) an≤ th≥ rat≥ of ≤≥cr≥as≥ 
(c) w≥r≥ th≥ sam≥ tr≥n≤ by Foo≤a ≥t al. (′İıİ) 
for th≥ Egyptian buffalo. Th≥ asc≥n≤ing phas≥ (b) 
was fast≥r an≤ bigg≥r as r≥port≥≤ by Foo≤a ≥t al. 
(′İıİ); Bouall≥gu≥ ≥t al. (′İı″); Kianza≤ ≥t al. 
(′İı″); Shokrollahi an≤ Hasanpur (′İı4), ≤iff≥r 
thos≥ r≥port≥≤ by Sahoo ≥t al. (′İı4); Sahoo ≥t al. 
(′İı5) in buffalo. This tr≥n≤ was attributabl≥ to 
th≥ improv≥m≥nt of nutrition for post-partum, an≤ 
sinc≥ ′İİ5, a corr≥ct m≥tho≤ology of ≥limination 
an≤ r≥plac≥m≥nt activiti≥s was p≥rform≥≤ (Foo≤a 
≥t al., ′İıİ). Th≥r≥for≥, th≥ br≥≥≤≥rs ha≤ a tr≥n≤ 
to incr≥as≥ th≥ nutrition, vitamins an≤ min≥rals at 
th≥ pr≥, post-partum an≤ th≥ whol≥ lactation p≥rio≤ 
which l≥a≤ to an incr≥as≥ in th≥ milk yi≥l≤ an≤ th≥ 
incom≥. 

Th≥ av≥rag≥ p≥rsist≥ncy in milk yi≥l≤ 
was 6.İ9 kg, in≤icating th≥ ≤≥t≥riorating status of 
th≥ h≥r≤’s p≥rsist≥ncy of th≥ Animal Pro≤uction 
R≥s≥arch Institut≥, which r≥quir≥≤ mor≥ work 
bas≥≤  on  a  s≥l≥ction  in≤≥x  inclu≤ing  p≥rsist≥ncy 
trait. This ≥stimat≥ of p≥rsist≥ncy is low≥r than that 



Buffalo Bull≥tin (January-March ′İı9) Vol.″8 No.ı

7′

of Foo≤a ≥t al. (′İıİ); Bouall≥gu≥ ≥t al. (′İı″) 
on th≥ sam≥ population of Egyptian buffalo, low≥r 
than r≥port≥≤ by Atashi ≥t al. (′İİ9); Kianza≤ ≥t 
al. (′İı″); Shokrollahi an≤ Hasanpur (′İı4), but 
gr≥at≥r than Sahoo ≥t al. (′İı5); Şahin ≥t al. (′İı5) 
in buffalo. 

Th≥ p≥ak milk yi≥l≤ av≥rag≥≤ ıİ.77 kg an≤ 
th≥ p≥ak t≥st ≤ay (th≥ tim≥ r≥quir≥≤ to attain this 
p≥ak) was 54.97 ≤ays. Th≥ p≥ak tim≥ ≥stimat≥ is 
th≥ sam≥ as that r≥port≥≤ by Atashi ≥t al. (′İİ9); 
Shokrollahi an≤ Hasanpur (′İı4), but low≥r 
than that of Bouall≥gu≥ ≥t al. (′İı″); Kianza≤ ≥t 
al.  (′İı″);  Şahin ≥t al. (′İı5), an≤ high≥r than 
that Aziz ≥t al.  (′İİ6).  Th≥  maximum  p≥ak  milk 
yi≥l≤ is th≥ sam≥ as that of Kianza≤ ≥t al. (′İı″); 
Shokrollahi an≤ Hasanpur (′İı4), incr≥as≥≤ mor≥ 
as r≥port≥≤ by Aziz ≥t al. (′İİ6), but ≤≥cr≥as≥≤ 
as cit≥≤ by Atashi ≥t al. (′İİ9); Bouall≥gu≥ ≥t al. 
(′İı″).

Th≥ m≥ans for fat an≤ prot≥in yi≥l≤s an≤ 
param≥t≥rs curv≥s w≥r≥ ≥stimat≥≤ an≤ illustrat≥≤ in 
Tabl≥ ′. Th≥ m≥ans for fat an≤ prot≥in yi≥l≤s w≥r≥ 
45.59 an≤ ′6.87 g, r≥sp≥ctiv≥ly, an≤ th≥s≥ r≥sults 
w≥r≥ th≥ sam≥ of thos≥ obtain≥≤ by Silv≥str≥ ≥t al. 
(′İİ9), but l≥ss than that Bouall≥gu≥ ≥t al. (′İı″) 
in cattl≥. Th≥ initializ≥≤ by ≥stimat≥s w≥r≥ ″.79 an≤ 
″.″ı g, follow≥≤ by an incr≥as≥ of ı.İ6 an≤ ı.İı 
g in yi≥l≤s until th≥ p≥ak of th≥ lactation occurr≥≤ 
in th≥ thir≤ an≤ fourth t≥st-≤ay, an≤ ≤≥cr≥as≥≤ for 
th≥ param≥t≥r c again at th≥ ≥n≤ of lactation with a 
pro≤uction of İ.″″ an≤ İ.″′ g, r≥sp≥ctiv≥ly. M≥ans 
of p≥rsist≥ncy w≥r≥ also ≥stimat≥≤ to b≥ ′.″8 an≤ 
′.″″ g for fat an≤ prot≥in, r≥sp≥ctiv≥ly. Th≥ p≥ak of 
fat an≤ prot≥in yi≥l≤ (Ymax) b≥ing 4.68 an≤ ″.9′ g 
an≤ th≥ p≥ak t≥st ≤ay (PY) was ″.47 an≤ ″.″ı ≤ays, 
r≥sp≥ctiv≥ly.

Th≥  larg≥st  co≥fici≥nt  of  variations  (CV) 
among th≥ lactation curv≥ traits w≥r≥ for param≥t≥r 
c an≤ th≥ small≥st for param≥t≥r a in all traits. 

Th≥s≥ r≥sults ≤iff≥r from ≤≥scrib≥≤ by Bouj≥nan≥ 
an≤ Hilal (′İı′) that th≥ larg≥st for param≥t≥r b but 
th≥ small≥st for param≥t≥r P of milk.

Th≥ ph≥notypic an≤ g≥n≥tic ≥stimat≥s for th≥ 
lactation curv≥

For th≥ ph≥notypic valu≥s, it coul≤ b≥ 
obs≥rv≥≤ that th≥ initial yi≥l≤ was 5.59 kg for milk 
an≤ ″′.8 an≤ ′İ.″ g for fat an≤ prot≥in for th≥ 
irst t≥st ≤ay (Figur≥ ı, ′ an≤ ″), th≥n it gra≤ually 
incr≥as≥≤ as th≥ lactation p≥rio≤ a≤vanc≥≤ 
(param≥t≥r b) till r≥ach≥≤ 7.7 kg for th≥ animals in 
th≥ thir≤ an≤ fourth t≥st ≤ay in milk an≤ 49.7 an≤ 
′9.4 g in fat an≤ prot≥in (p≥ak yi≥l≤ or p≥rsist≥ncy), 
an≤ r≥ach≥≤ 4.İ6 kg (param≥t≥r c) in milk an≤ ′7.8ı 
an≤ ı6.İ″ g in fat an≤ prot≥in for th≥ animals ≤ri≥≤ 
off at th≥ t≥nth t≥st ≤ay. Th≥ curv≥ param≥t≥rs of a 
an≤ c in milk yi≥l≤ show≥≤ low≥r ≥stimat≥s than 
that r≥port≥≤ by Silv≥str≥ ≥t al. (′İİ9) an≤ unlik≥ 
to b param≥t≥r, but a, b, c ≥stimat≥s in fat an≤ 
prot≥in show≥≤ high≥r than Silv≥str≥ ≥t al. (′İİ9). 
Th≥ Ymax  show≥≤  a  high≥r  ≥stimat≥  than  that  of 
Silv≥str≥ ≥t al. (′İİ9) but unlik≥ PY. How≥v≥r, th≥ 
curv≥ param≥t≥rs for fat an≤ prot≥in traits w≥r≥ 
low≥r than Bouall≥gu≥ ≥t al. (′İı″). 

For th≥ lactation curv≥ plott≥≤ from th≥ 
br≥≥≤ing valu≥s, it coul≤ b≥ obs≥rv≥≤ that th≥ initial 
br≥≥≤ing valu≥ was İ.ıİ9 kg for milk an≤ ı.ı′5 
an≤ İ.′8İ g for fat an≤ prot≥in for th≥ irst t≥st ≤ay 
(Figur≥ 4, 5 an≤ 6), th≥n it gra≤ually incr≥as≥≤ as 
th≥ lactation p≥rio≤ a≤vanc≥≤ (param≥t≥r b) till 
r≥ach≥≤ 5.″ kg for th≥ animals in th≥ thir≤ an≤ 
fourth t≥st ≤ay in milk an≤ ″.5 an≤ İ.8ı g in fat an≤ 
prot≥in (p≥ak yi≥l≤ or p≥rsist≥ncy), an≤ r≥ach≥≤ 
İ.İ′6 kg (param≥t≥r c) in milk an≤ İ.9 an≤ İ.ı7 
g in fat an≤ prot≥in for th≥ animals ≤ri≥≤ off at th≥ 
t≥nth t≥st ≤ay.
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Tabl≥  ′.  M≥ans,  stan≤ar≤  ≤≥viations  (SD),  stan≤ar≤  ≥rror  (SE),  co≥fici≥nts  of  variation  (CV),  minimum 
(min.) an≤ maximum (max.) for t≥st-≤ay milk, fat an≤ prot≥in curv≥ param≥t≥rs.

Variabl≥s M≥an SD SE CV Min. Max.
Milk yi≥l≤

TDMY, kg 7.İİ ′.″7 İ.İ″ ″″.9ı ″.İİ ı″.5İ
a, kg 5.59 ı.6İ İ.İ′ ′8.55 ′.5İ 7.5İ
b, kg İ.99 İ.″7 İ.İİ5 ″6.6İ İ.İı ı.5İ
c, kg İ.ı9 İ.ı6 İ.İİ′ 8″.İ9 İ.İ″ İ.5İ
P, kg 6.İ9 ′.64 İ.İ4 4″.″6 4.″İ ıı.6″
PY, ≤ay 54.97 ′İ.İ6 İ.′8 ″6.49 45.İİ 97.İİ
Ymax, kg ıİ.77 4.69 İ.İ7 4″.5″ 6.5İ ı7.İİ

Fat yi≥l≤
TDFY, g 45.59 ı6.66 İ.′4 ″6.5″ ı″.86 ıı″.88
a, g ″.79 İ.″ı İ.İİ4 8.ı5 ′.88 5.İ5
b, g ı.İ6 İ.46 İ.İı 4″.7ı İ.ıİ ″.′6
c, g İ.″″ İ.ı8 İ.İİ′ 5″.İ″ İ.ıİ ı.5ı
P,  g ′.″8 İ.66 İ.İı ′7.84 İ.İ5 5.48
PY, ≤ay ″.47 ı.″″ İ.İ′ ″8.″ı ı.İ7 ı9.54
Ymax, g 4.68 İ.87 İ.İı ı8.64 ′.ı8 8.İ4

Prot≥in yi≥l≤
TDPY, g ′6.87 9.ı6 İ.ı″ ″4.İ8 7.89 59.8İ
a, g ″.″ı İ.′8 İ.İİ4 8.4ı ′.″İ 4.′8
b, g ı.İı İ.4″ İ.İı 4′.″7 İ.İ5 ′.8ı
c, g İ.″′ İ.ı7 İ.İİ′ 5İ.98 İ.İı ı.″8
P,  g ′.″″ İ.6ı İ.İı ′6.ı6 İ.İı 5.4″
PY, ≤ay ″.″ı ı.İ′ İ.İı ″İ.99 İ.9′ ı8.99
Ymax, g ″.9′ İ.7″ İ.İı ı8.6′ ı.76 7.″8 

                       Variabl≥s ar≥ ≤≥in≥≤ b≥for≥. 
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H≥ritabiliti≥s Param≥t≥rs
Th≥ h≥ritability ≥stimat≥s of t≥st-≤ay (TD) 

milk traits (milk, fat an≤ prot≥in) an≤ th≥ lactation 
curv≥ param≥t≥rs ar≥ pr≥s≥nt≥≤ in Tabl≥ ″.

Estimat≥s of h≥ritability (h′) of th≥ Woo≤’s 
function for yi≥l≤s milk, fat an≤ prot≥in w≥r≥ İ.′′, 
İ.′ı an≤ İ.′′, r≥sp≥ctiv≥ly. Th≥s≥ r≥sults ar≥ in 
th≥ rang≥s as r≥port≥≤ by Flor≥s an≤ van ≤≥r W≥rf 
(′İı5). But, th≥s≥ ≥stimat≥s w≥r≥ gr≥at≥r than that 
cit≥≤ by El-Bramony ≥t al. (′İıİ). Th≥ h′ ≥stimat≥s 
for lactation curv≥ param≥t≥rs of a, b, c, P, PY 
an≤  Ymax  w≥r≥  İ.″7,  İ.″8,  İ.″9,  İ.″7,  İ.″7  an≤ 
İ.″8, r≥sp≥ctiv≥ly (Tabl≥ ″). Th≥s≥ ≥stimat≥s w≥r≥ 
gr≥at≥r than thos≥ obtain≥≤ by G≥br≥yohann≥s 
an≤ Koonawootrittriron (′İı″). Th≥ h′ ≥stimat≥s 
for fat curv≥ param≥t≥rs of a, b, c, P, PY an≤ 
Ymax w≥r≥ İ.4ı, İ.4İ, İ.″9, İ.″8, İ.″6 an≤ İ.4′, 
r≥sp≥ctiv≥ly, whil≥ th≥ ≥stimat≥s for prot≥in curv≥ 
param≥t≥rs w≥r≥ İ.″8, İ.4İ, İ.4İ, İ.″8, İ.4İ an≤ 
İ.4″, , r≥sp≥ctiv≥ly. Lin≤≥ ≥t al. (′İİİ) ≥stimat≥≤ 
th≥ h≥ritability of milk curv≥ param≥t≥r (b) to b≥ 
İ.ı″,  İ.′İ,  an≤  İ.ı8,  in  th≥  irst  thr≥≥  lactations, 
r≥sp≥ctiv≥ly. Th≥s≥ ≥stimat≥s ar≥ much low≥r than 
th≥ ≥stimat≥s foun≤ h≥r≥, but ar≥ similar in patt≥rn, 
wh≥r≥ th≥ s≥con≤ lactation h≥ritability having th≥ 
high≥st magnitu≤≥.

G≥n≥tic an≤ ph≥notypic corr≥lations
G≥n≥tic corr≥lations in Tabl≥ 4 for milk 

yi≥l≤ b≥tw≥≥n initial (a) an≤ incr≥asing phas≥s 
(b) (-İ.8) is comparabl≥ with that of Macciotta ≥t 
al. (′İİ5), but ≤iff≥r with Bouj≥nan≥ an≤ Hilal 
(′İı′), how≥v≥r, th≥ ≤≥cr≥asing phas≥ slop≥ (c = 
-İ.4″) ≥stimat≥ with a was similar to thos≥ from 
T≥k≥rli ≥t al. (′İİİ); Bouj≥nan≥ an≤ Hilal (′İı′), 
but unlik≥ with that of Macciotta ≥t al. (′İİ5). 
Th≥ n≥gativ≥ g≥n≥tic corr≥lation b≥tw≥≥n th≥ 
param≥t≥rs a an≤ b impli≥s that a high≥r initial 
yi≥l≤ is associat≥≤ with a slow≥r rat≥ of incr≥as≥ 
until p≥ak yi≥l≤. T≥k≥rli ≥t al. (′İİİ), bas≥≤ on a 
mo≤≥rat≥ to larg≥ positiv≥ corr≥lation ≥stimat≥s of 
th≥ lactation yi≥l≤ with p≥ak yi≥l≤ an≤ p≥rsist≥ncy, 
sugg≥st≥≤ that on≥ of th≥s≥ traits shoul≤ b≥ us≥≤ as 
a crit≥rion to improv≥ all th≥ thr≥≥ traits. Similarly, 
consi≤≥ring th≥ larg≥ n≥gativ≥ corr≥lation among 
initial yi≥l≤ with incr≥asing an≤ ≤≥cr≥asing slop≥s, 
Mora≤i Shahrbabak (′İİı) r≥comm≥n≤≥≤ th≥ 
s≥l≥ction bas≥≤ on initial milk yi≥l≤ in or≤≥r to 
≤≥cr≥as≥ th≥ incr≥asing slop≥ an≤ th≥ ≤≥cr≥asing 
slop≥ of th≥ lactation curv≥ an≤ to pro≤uc≥ st≥a≤i≥r 
lactation an≤ r≥ach p≥ak yi≥l≤ ≥arly. Although 
Ymax ha≤ a favorabl≥ high g≥n≥tic corr≥lation with 
TDMYs (İ.87) as Bouj≥nan≥ an≤ Hilal (′İı′). 
PY pr≥s≥nt≥≤ a r≥lativ≥ly high g≥n≥tic corr≥lation 

Tabl≥ ″. Th≥ ≥stimat≥s of h≥ritability (h′) an≤ th≥ir stan≤ar≤ ≥rrors (SE) for t≥st-≤ay milk traits an≤ lactation 
curv≥ param≥t≥rs.
Trait h′αSE Trait h′αSE Trait h′αSE
TDMY İ.′′αİ.İİ′ TDFY İ.′ıαİ.İİİıı TDPY İ.′′αİ.İİİİ′
a İ.″7αİ.İİ6 a İ.4ıαİ.İİİı4 a İ.″8αİ.İİİİ″
b İ.″8αİ.İİ7 b İ.4İαİ.İİİı4 b İ.4İαİ.İİİİ″
c İ.″9αİ.İİ6 c İ.″9αİ.İİİı4 c İ.4İαİ.İİİİ″
P İ.″7αİ.İİ6 P İ.″8αİ.İİİı4 P İ.″8αİ.İİİİ″
PY İ.″7αİ.İİ6 PY İ.″6αİ.İİİı4 PY İ.4İαİ.İİİİ″
Ymax İ.″8αİ.İİ7 Ymax İ.4′αİ.İİİı5 Ymax İ.4″αİ.İİİİ″
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with TDMY (İ.48), but Bouj≥nan≥ an≤ Hilal 
(′İı′) show≥≤ this corr≥lation ≥qual on≥. TDMY 
was positiv≥ly corr≥lat≥≤ with initial milk yi≥l≤ 
(param≥t≥r a) similar to th≥ r≥sults of Bouj≥nan≥ 
an≤ Hilal (′İı′). Th≥ mo≤≥rat≥ g≥n≥tic corr≥lation 
co≥fici≥nt  b≥tw≥≥n  TDMY  an≤  initial  milk  yi≥l≤ 
was (İ.″ı). This m≥ans that initial milk yi≥l≤ s≥≥ms 
to b≥ th≥ b≥st pr≥≤icator of total milk yi≥l≤ (Tabl≥ 
4). 

G≥n≥tic an≤ ph≥notypic corr≥lations in 
Tabl≥ 4 b≥tw≥≥n b an≤ c curv≥ param≥t≥rs in th≥ 
milk yi≥l≤ (İ.5 an≤ İ.88, r≥sp≥ctiv≥ly), ≤iff≥r 
with Bouj≥nan≥ an≤ Hilal (′İı′); Macciotta ≥t 
al. (′İİ5) in≤icat≥ that buffalo cows that p≥ak≥≤ 
mor≥ rapi≤ly also ha≤ a quick≥r ≤≥clin≥ aft≥r p≥ak. 
Similar r≥sults hav≥ b≥≥n r≥port≥≤ by T≥k≥rli ≥t 
al. (′İİİ). Th≥ rat≥ of milk yi≥l≤ incr≥as≥ was 
n≥gativ≥ly corr≥lat≥≤ with p≥rsist≥ncy of lactation 
(-İ.7ı),  ≥xc≥pt  Bouj≥nan≥  an≤  Hilal  (′İı′),  this 
m≥ans that s≥l≥ction for p≥rsist≥ncy of lactation 
≤≥cr≥as≥s th≥ rat≥ of incr≥asing milk pro≤uction till 
th≥ p≥ak (param≥t≥r b). 

G≥n≥tic corr≥lation in Tabl≥ 4 b≥tw≥≥n 
PY an≤ P of milk yi≥l≤ (İ.87) is comparabl≥ to 
r≥sults obtain≥≤ by Bouj≥nan≥ an≤ Hilal (′İı′), 
sugg≥sting that buffalo cows that r≥ach≥≤ th≥ir 
p≥ak yi≥l≤ ≥arly ≤uring th≥ir lactation ha≤ high≥r 
p≥rsist≥ncy. 

G≥n≥tic corr≥lations b≥tw≥≥n param≥t≥r 
c with ≥ach PY an≤ P of milk yi≥l≤ w≥r≥ -İ.48 
an≤ -İ.′6, r≥sp≥ctiv≥ly (Tabl≥ 4), in≤icating that 
s≥l≥cting for Ymax ≥arly in lactation woul≤ improv≥ 
p≥rsist≥ncy by low≥ring th≥ rat≥ of ≤≥cr≥as≥ aft≥r 
p≥ak yi≥l≤. G≥n≥tic corr≥lation b≥tw≥≥n TDMY 
an≤ P (İ.5′) unlik≥ Bouj≥nan≥ an≤ Hilal (′İı′), 
sugg≥st≥≤ that buffalo cows with high≥r ≥stimat≥≤ 
br≥≥≤ing valu≥ (EBV) for p≥rsist≥ncy woul≤ b≥ 
≥xp≥ct≥≤  to  hav≥  high≥r  EBV  for  TDMY.  Th≥s≥ 
in≤ings  ar≥  support≥≤  by  pr≥vious  r≥s≥arch  by 

F≥rris ≥t al. (ı985).
Ph≥notypic corr≥lation in Tabl≥ 4 b≥tw≥≥n 

initial milk yi≥l≤ (a) with param≥t≥rs b, c an≤ PY 
w≥r≥ n≥gativ≥. This r≥sult is support≥≤ by thos≥ 
of Bouj≥nan≥ an≤ Hilal (′İı′); Bouall≥gu≥ ≥t al. 
(′İı″). On th≥ oth≥r han≤, positiv≥ ph≥notypic 
corr≥lations w≥r≥ foun≤ b≥tw≥≥n initial milk yi≥l≤ 
an≤ TDMY, p≥rsist≥ncy an≤ Ymax as also r≥port≥≤ 
by Mansour ≥t al. (ı99″) on Egyptian buffalo≥s.

Th≥ rat≥ of milk pro≤uction incr≥as≥ till 
p≥ak (b) was highly ph≥notypically corr≥lat≥≤ 
(İ.88) with th≥ rat≥ of milk yi≥l≤ ≤≥cr≥as≥ (c) 
similar to r≥sults of Atashi ≥t al. (′İİ9); Bouj≥nan≥ 
an≤ Hilal (′İı′). Positiv≥ an≤ mo≤≥rat≥ ph≥notypic 
corr≥lation (İ.47) was foun≤ b≥tw≥≥n b an≤ PY 
similar to th≥ r≥sults of Atashi ≥t al. (′İİ9), 
opposit≥ with Bouall≥gu≥ ≥t al. (′İı″), how≥v≥r, 
a low ≥stimat≥ (İ.ıİ) was foun≤ b≥tw≥≥n b an≤ 
Ymax  unlik≥  Bouj≥nan≥  an≤  Hilal,  ′İı′.  Th≥ 
ph≥notypic corr≥lation b≥tw≥≥n b an≤ p≥rsist≥ncy 
was n≥gativ≥ (-İ.78) similar to thos≥ foun≤ by 
Atashi ≥t al. (′İİ9); Bouj≥nan≥ an≤ Hilal (′İı′).

Positiv≥ ph≥notypic corr≥lation in Tabl≥ 4 
was ≤≥t≥ct≥≤ b≥tw≥≥n p≥rsist≥ncy of lactation an≤ 
TDMY (İ.49) as r≥port≥≤ by Atashi ≥t al. (′İİ9); 
Bouall≥gu≥ ≥t al. (′İı″) but ≤iff≥r with Bouj≥nan≥ 
an≤ Hilal (′İı′). 

Th≥ ≥stimat≥s of g≥n≥tic an≤ ph≥notypic 
corr≥lations (Tabl≥ 4) b≥tw≥≥n all curv≥ param≥t≥rs 
in fat an≤ prot≥in w≥r≥ clos≥ to a larg≥ ≤≥gr≥≥ with 
lactation curv≥ param≥t≥rs. Th≥s≥ r≥sults ar≥ in lin≥ 
with thos≥ r≥port≥≤ by Bouall≥gu≥ ≥t al. (′İı″). 

G≥n≥tic an≤ ph≥notypic corr≥lation b≥tw≥≥n 
milk, fat an≤ prot≥in traits an≤ ≥v≥ry curv≥ 
param≥t≥r an≤ its match in ≥ach trait

G≥n≥tic an≤ ph≥notypic corr≥lations 
among t≥st-≤ay lactation traits (milk, fat an≤ 
prot≥in yi≥l≤s) an≤ curv≥ param≥t≥rs ar≥ pr≥s≥nt≥≤ 
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Tabl≥ 5. Estimat≥s of g≥n≥tic corr≥lations (rGαSE), an≤ ph≥notypic corr≥lations (rP) among t≥st-≤ay lactation 
traits (milk, fat an≤ prot≥in yi≥l≤s) an≤ lactation curv≥ param≥t≥rs.

Traits corr≥lat≥≤ rGαSE rP
TDMY an≤ TDFY İ.98αİ.İ′ İ.86
TDMY an≤ TDPY İ.99αİ.İı İ.9′
TDFY an≤ TDPY İ.99αİ.İ″ İ.8″

Lactation curv≥ param≥t≥r (a):
a-milk an≤ a-fat İ.7ıαİ.İİ7 İ.86
a-milk an≤ a-prot≥in İ.86αİ.İİ7 İ.88
a-fat an≤ a-prot≥in İ.85αİ.İİ7 İ.87

Lactation curv≥ param≥t≥r (b):
b-milk an≤ b-fat İ.8′αİ.ı″ İ.86
b-milk an≤ b-prot≥in İ.87αİ.ı′ İ.9′
b-fat an≤ b-prot≥in İ.88αİ.ı5 İ.95

Lactation curv≥ param≥t≥r (c):
c-milk an≤ c-fat İ.85αİ.İİ5 İ.86
c-milk an≤ c-prot≥in İ.8′αİ.İİ5 İ.87
c-fat an≤ c-prot≥in İ.84αİ.İİ5 İ.87

Lactation curv≥ param≥t≥r (P):
P-milk an≤ P-fat İ.85αİ.İİ5 İ.9İ
P-milk an≤ P-prot≥in İ.87αİ.İİ5 İ.9′
P-fat an≤ P-prot≥in İ.86αİ.İİ5 İ.9ı

Lactation curv≥ param≥t≥r (PY):
PY-milk an≤ PY-fat İ.74αİ.İİ6 İ.75
PY-milk an≤ PY-prot≥in İ.7″αİ.İİ6 İ.88
PY-fat an≤ PY-prot≥in İ.7′αİ.İİ6 İ.8″

Lactation curv≥ param≥t≥r (Ymax):
Ymax-milk an≤ Ymax-fat İ.94αİ.İİ7 İ.95
Ymax-milk an≤ Ymax-prot≥in İ.9ıαİ.İİ7 İ.96
Ymax-fat an≤ Ymax-prot≥in İ.9′αİ.İİ7 İ.95
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in Tabl≥ 5.
Th≥s≥ r≥sults show≥≤ th≥ high g≥n≥tic an≤ 

ph≥notypic corr≥lation b≥tw≥≥n all traits (milk, 
fat an≤ prot≥in) as r≥port≥≤ by El-Bramony ≥t al. 
(′İıİ) on Egyptian buffalo. Th≥ r≥sults show≥≤ a 
high g≥n≥tic an≤ ph≥notypic corr≥lation b≥tw≥≥n 
th≥ sam≥ curv≥ param≥t≥rs of milk, fat an≤ prot≥in. 
Th≥ r≥sults of lactation curv≥ param≥t≥rs fully 
apply to fat an≤ prot≥in curv≥ param≥t≥rs (Cismaş 
≥t al., ′İı′). G≥n≥tic an≤ ph≥notypic corr≥lations 
of favorit≥ milk, fat an≤ prot≥in curv≥ param≥t≥rs 
(a, P an≤ Ymax) ar≥ pr≥s≥nt≥≤ in Tabl≥ 6.
 Mo≤≥rat≥  g≥n≥tic  an≤  ph≥notypic  
corr≥lation w≥r≥ foun≤ b≥tw≥≥n th≥ favorabl≥ 
curv≥  param≥t≥rs  (a,  P  an≤  Ymax)  with  th≥ir 
corr≥spon≤ing traits for all traits. Th≥s≥ r≥sults may 
in≤icat≥ that th≥ us≥ of any of th≥s≥ param≥t≥rs (a, 
P, Ymax) can b≥ us≥≤ to improv≥ th≥ curv≥ of th≥s≥ 
traits an≤ th≥r≥for≥ total yi≥l≤s of th≥s≥ traits.

CONCLUSIONS

S≥l≥ction for p≥rsist≥ncy of traits ≤≥cr≥as≥s 
th≥ rat≥ of param≥t≥r b (incr≥asing pro≤uction 

till p≥ak), th≥ rat≥ of ≤≥cr≥asing pro≤uction, 
incr≥asing  th≥  maximum  milk  pro≤uction  ≤uring 
lactation  an≤  inally  total  yi≥l≤s.  High  g≥n≥tic 
corr≥lation b≥tw≥≥n TDMY an≤ P sugg≥st≥≤ that 
buffalo cows with high≥r ≥stimating br≥≥≤ing valu≥ 
(EBV)  for  p≥rsist≥ncy  is  ≥xp≥ct≥≤  to  hav≥  high≥r 
EBV for TDMY. High an≤ mo≤≥rat≥ g≥n≥tic an≤ 
ph≥notypic corr≥lation b≥tw≥≥n all traits (milk, fat 
an≤ prot≥in yi≥l≤s), b≥tw≥≥n ≥v≥ry curv≥ param≥t≥r 
an≤ its match in ≥ach trait (≥.g. a-milk, a-fat an≤ 
a-prot≥in, b-milk, b-fat, ≥tc) an≤ th≥ favorabl≥ 
curv≥ param≥t≥rs (a, P an≤ Ymax) in ≥ach trait with 
th≥ sam≥ curv≥s in th≥ oth≥r traits, in≤icat≥ that fat 
an≤ prot≥in moving in th≥ sam≥ ≤ir≥ction of g≥n≥tic 
param≥t≥rs of lactation curv≥ param≥t≥rs. G≥n≥tic 
s≥l≥ction  for  curv≥  param≥t≥rs  (a,  P  an≤  Ymax) 
≥sp≥cially P woul≤ improv≥ total milk yi≥l≤ traits.
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Figur≥ ı. Lactation curv≥ plott≥≤ from th≥ ph≥notypic valu≥s for t≥st-≤ay milk yi≥l≤ (TDMY) in th≥ Egyptian 
buffalo.

Figur≥ ′. Fat curv≥ plott≥≤ from th≥ ph≥notypic valu≥s for t≥st-≤ay fat yi≥l≤ (TDFY) in th≥ Egyptian buffalo.

Figur≥ ″. Prot≥in curv≥ plott≥≤ from th≥ ph≥notypic valu≥s for t≥st-≤ay prot≥in yi≥l≤ (TDPY) in th≥ Egyptian 
buffalo.
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Figur≥ 5. Fat curv≥ plott≥≤ from th≥ br≥≥≤ing valu≥s for t≥st-≤ay fat yi≥l≤ (TDFY) in th≥ Egyptian buffalo.

Figur≥ 6. Prot≥in curv≥ plott≥≤ from th≥ br≥≥≤ing valu≥s for t≥st-≤ay prot≥in yi≥l≤ (TDPY) in th≥ Egyptian 
buffalo.

Figur≥ 4. Lactation curv≥ plott≥≤ from th≥ br≥≥≤ing valu≥s for t≥st ≤ay milk yi≥l≤ (TDMY) in th≥ Egyptian 
buffalo.
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ABSTRACT

An att≥mpt was ma≤≥ to know th≥ 
manag≥m≥nt syst≥m of int≥nsiv≥ buffalo farming 
an≤ buffalo ≤≥riv≥≤ -probl≥ms un≤≥r s≥mi-ari≤ 
ar≥a of Bangla≤≥sh. Dir≥ct int≥rvi≥w with farm≥rs, 
farm obs≥rvation, community ≤iscussion an≤ k≥y 
informant int≥rvi≥w (KII) ha≤ b≥≥n follow≥≤ ov≥r 
six months in Dinajpur ≤istrict. It was obs≥rv≥≤ 
that buffalo≥s w≥r≥ r≥ar≥≤ un≤≥r two typ≥s of 
manag≥m≥nt syst≥m nam≥ly hous≥hol≤ yar≤ 
int≥nsiv≥ (HYI) an≤ compl≥t≥ly int≥nsiv≥ (CI). In 
HYI syst≥m, farm≥rs purchas≥≤ h≥if≥r or pr≥gnant 
buffalo from local mark≥t an≤ sol≤ moth≥r with calf 
aft≥r on≥ y≥ar. Buffalo≥s w≥r≥ k≥pt sh≥≤ at night an≤ 
maintain≥≤ f≥≥≤ing, show≥ring an≤ oth≥r activiti≥s 
in th≥ hous≥hol≤ yar≤ at ≤ay. Thos≥ w≥r≥ show≥r≥≤ 
by onc≥-two tim≥s/w≥≥k in cool ≤ay, but most of 
th≥m w≥r≥ show≥r≥≤ in a ≤ay. On th≥ oth≥r han≤, 
in CI syst≥m, buffalo≥s w≥r≥ r≥ar≥≤ insi≤≥ th≥ sh≥≤ 
all tim≥ an≤ maintain f≥≥≤ing, show≥ring an≤ oth≥r 
activiti≥s in th≥ sh≥≤. Buffalo≥s w≥r≥ show≥r≥≤ 
twic≥ in a ≤ay in wint≥r p≥rio≤ whil≥ thr≥≥ tim≥s 
in summ≥r p≥rio≤. Av≥rag≥ milk pro≤uction for 
≥ach buffalo was 5 to 8 lit≥r/≤ay. Major pro≤uctiv≥ 
an≤ r≥pro≤uctiv≥ traits ≥.g. lactation L≥ngth (≤ay), 
av≥rag≥ milk yi≥l≤ (L/≤ay), ≤ry p≥rio≤ (≤ay), ag≥ 
at irst pr≥gnancy (month) an≤ ag≥ at irst calving 
(month) w≥r≥ foun≤ b≥tt≥r in CI syst≥m than 

that of HYI syst≥m an≤ thos≥ w≥r≥ foun≤ highly 
signiicant  (P<İ.İİı).  Signiicant  ≤iff≥r≥nc≥  w≥r≥ 
foun≤ on total soli≤s, fat an≤ prot≥in cont≥nt but 
no signiicanc≥ ≤iff≥r≥nc≥ w≥r≥ obs≥rv≥≤ on SNF, 
lactos≥ an≤ ash of buffalo milk b≥tw≥≥n two farms. 
Insigniicant  ≤iff≥r≥nc≥  (P>İ.İ5)  was  foun≤  for 
th≥ valu≥ of ≥l≥ctric con≤uctivity (ECms/cm) 
that show≥≤ both farms pro≤uc≥≤ h≥althy milk 
(″.′5αİ.49 vs ″.İ9αİ.89). Both syst≥ms show≥≤ as 
a proitabl≥ v≥ntur≥ (BCR ı.″″ vs ı.′5). Probl≥m 
matrix r≥v≥al≥≤ that th≥ top rank≥≤ or≤≥r of 
probl≥m w≥r≥ “ina≤≥quat≥ knowl≥≤g≥ on buffalo 
r≥aring”, “high pric≥ of f≥≥≤” an≤ “low milk pric≥” 
m≥ntion≥≤  as  ı,  ′  an≤  ″.  Shortag≥  of  f≥≥≤s  an≤ 
fo≤≤≥r, high t≥mp≥ratur≥ an≤ lack of cow boy w≥r≥ 
rank≥≤  as  4,  5  an≤  6.  Limit≥≤  br≥≥≤≥r  bull,  lak≥ 
of AI work≥rs an≤ ina≤≥quat≥ quality s≥m≥n an≤ 
cr≥≤it faciliti≥s m≥ntion≥≤ as 7 rank≥≤ probl≥m. It 
was conclu≤≥≤ that ≥nsuring training an≤ mark≥ting 
coul≤ h≥lp to improv≥ int≥nsiv≥ syst≥m of ≤airy 
buffalo that m≥≥t up th≥ growing ≤≥man≤ of milk 
in urban p≥opl≥. Simultan≥ously AI faciliti≥s with 
quality s≥m≥n, HYV fo≤≤≥r cultivation an≤ cr≥≤it 
faciliti≥s shoul≤ b≥ promot≥≤ for sustainabl≥ ≤airy 
buffalo farming.

K≥ywor≤s: Bubalus bubalis, buffalo, buffalo 
farming, f≥≥≤ing syst≥m, milk quality
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INTRODUCTION

Th≥ rural farming syst≥m of animal 
agricultur≥ consisting buffalo≥s (Bubalus bubalis) 
an≤ oth≥r liv≥stock r≥sourc≥s in Bangla≤≥sh. Buffalo 
is a l≥ss prioritiz≥≤ ≤airy sp≥ci≥s in Bangla≤≥sh 
though  it  has  pot≥ntial  h≥alth  b≥n≥icial  ≤u≥  to 
quality of milk an≤ m≥at. Th≥ buffalo m≥at is of 
goo≤ quality as compar≥≤ to th≥ cattl≥ b≥≥f b≥caus≥ 
of th≥ low chol≥st≥rol. Buffalo m≥at contains 4İ% 
l≥ss  chol≥st≥rol,  55%  l≥ss  calori≥s,  ıı%  mor≥ 
prot≥in  an≤  ıİ%  mor≥  min≥ral  in  comparison  to 
bovin≥  m≥at  (Nan≤a  an≤  Nakao,  ′İİ″).  Buffalo 
milk has 4″% l≥ss chol≥st≥rol than cow’s milk on 
th≥  basis  of  p≥r  gram  butt≥rfat  an≤  having  58% 
an≤  4İ%  mor≥  calcium  an≤  prot≥in  than  cow’s 
milk  r≥sp≥ctiv≥ly.  In  a≤≤ition  to  th≥  signiicant 
chol≥st≥rol  an≤  calcium  b≥n≥its  of  buffalo  milk, 
is also a rich sourc≥ of iron, phosphorus, vitamin 
A an≤ of cours≥ prot≥in (Bilal ≥t al.,  ′İİ6). 
Consi≤≥ring its composition, it may b≥ a≤visabl≥ 
ov≥r cattl≥ b≥≥f for th≥ chol≥st≥rol sanativ≥ p≥opl≥ 
(Bilal ≥t al.,  ′İİ6).  It  has  b≥≥n  n≥v≥r  a≤≤r≥ss≥≤ 
in b≥for≥ by policy l≥v≥l in Bangla≤≥sh ≤≥spit≥ 
th≥ir important rol≥ in th≥ national ≥conomy. Th≥ 
buffalo≥s  ar≥  ı4.7ı  million  h≥a≤s  (DLS  ′İı6)  in 
Bangla≤≥sh. Though th≥ tr≥n≤ of buffalo population 
(′.′İ%)  in  r≥c≥nt  y≥ar  is  r≥lativ≥ly  high≥r  than 
cattl≥  (İ.44%)  but  buffalo  milk  pro≤uction  is  not 
contribut≥≤ signiicantly to national pro≤uction in 
Bangla≤≥sh  (Islam,  ′İı7).  Total  milk  pro≤uction 
of Bangla≤≥sh is about 7.′7 million m≥tric tons 
p≥r y≥ar (MMT) against th≥ r≥quir≥m≥nt of ı4.69 
MMT (DLS ′İı6). To a≤≤r≥ss th≥ gap of ≤≥man≤ 
an≤ availability of milk, anoth≥r ≤airy sp≥ci≥s ≥.g. 
buffalo shoul≤ b≥ prioritis≥≤ along with cattl≥.

S≥v≥ral pro≤uction syst≥m bas≥≤ on 
manag≥m≥nt practic≥s an≤ f≥≥≤ing syst≥m ar≥ 
foun≤ in Bangla≤≥sh. At th≥ villag≥ l≥v≥l pro≤uction 

is usually bas≥≤ on a small h≥r≤ of mix≥≤ ag≥s an≤ 
s≥x≥s g≥n≥rally for milk an≤ br≥≥≤ing purpos≥s. 
In a s≥mi-int≥nsiv≥ pro≤uction syst≥m, buffalo≥s 
ar≥  k≥pt  mainly  for  sp≥ciic  purpos≥s,  i.≥.,  ≥ith≥r 
for milk or for m≥at pro≤uction. In an ≥xt≥nsiv≥ 
pro≤uction syst≥m, a larg≥r h≥r≤ is k≥pt for both 
m≥at an≤ m≥at pro≤uction (usually for sal≥ or 
slaught≥r). In th≥ villag≥ pro≤uction syst≥ms, 
buffalo≥s an≤ cattl≥ ar≥ k≥pt within th≥ sh≥≤ at 
night, an≤ sp≥n≤ th≥ ≤aytim≥ hous≥hol≤ yar≤s for 
f≥≥≤ing an≤ r≥sting, tog≥th≥r with oth≥r animals. 
Many buffalo≥s r≥ar in salin≥ coastal r≥gion un≤≥r 
≥xt≥nsiv≥ farming in Char ar≥as. In riv≥r basin 
ar≥as, buffalo≥s ar≥ r≥ar≥≤ un≤≥r s≥mi-int≥nsiv≥ 
syst≥m. In this syst≥m, buffalo≥s ar≥ k≥pt within th≥ 
sh≥≤ at night an≤ sp≥n≤ ≤aytim≥ for grassing in th≥ 
Bathan. B≥si≤≥s, a f≥w numb≥r of int≥nsiv≥ buffalo 
farming also b≥≥n s≥≥n in som≥ institutional h≥r≤ 
as w≥ll as farm≥r l≥v≥l as busin≥ss purpos≥ wh≥r≥ 
buffalo≥s ar≥ k≥pt in sh≥≤ whol≥ tim≥. Hous≥hol≤ 
int≥nsiv≥ syst≥m ar≥ v≥ry scatt≥r≥≤ an≤ mainly 
s≥≥n at North≥rn part of Bangla≤≥sh, ≥.g. Dinajpur, 
Rangpur which is r≥ar≥≤ mainly un≤≥r th≥ int≥nsiv≥ 
irrigat≥≤ agricultur≥ syst≥m. Th≥ national strat≥gi≥s 
for th≥ irrigat≥≤ int≥nsiv≥ agricultural syst≥m in 
≤≥v≥loping countri≥s shoul≤ focus upon pro≤ucing 
l≥ss ≥xp≥nsiv≥ milk from ≤airy buffalo≥s that, 
≥fici≥ntly,  utiliz≥  th≥  limit≥≤  ≥xp≥nsiv≥  pro≤uc≥≤ 
f≥≥≤  r≥sourc≥s  (Soliman,  ′İİ7).  Milk  pro≤uction 
has a comparativ≥ a≤vantag≥ in agricultural r≥sourc≥ 
us≥,  in  t≥rms  of  n≥t  costs  p≥r  ıİİ  grams  animal 
prot≥in un≤≥r irrigat≥≤ int≥nsiv≥ agricultural syst≥m 
in ≤≥v≥loping countri≥s (Soliman, ′İİ7). Th≥ total 
milk yi≥l≤ p≥r lactation an≤ lactation p≥rio≤ vari≥≤ 
among th≥ syst≥ms ≤u≥ to availability of f≥≥≤ 
r≥sourc≥s, manag≥m≥nt syst≥ms an≤ g≥notyp≥s of 
buffalo≥s. Th≥ buffalo rais≥≤ un≤≥r hous≥hol≤ /
s≥mi-int≥nsiv≥ syst≥m pro≤uc≥≤ high≥r milk than 
thos≥ rais≥≤ un≤≥r bathan /≥xt≥nsiv≥ syst≥m which 
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r≥sults hous≥hol≤ farming is mor≥ attractiv≥ as it 
giv≥s milk an≤ m≥at both. Th≥ lactation yi≥l≤ in 
th≥ hous≥hol≤ farming/ s≥mi-int≥nsiv≥ syst≥m an≤ 
bathan farming /≥xt≥nsiv≥ syst≥m w≥r≥ 7ı′ to 799 
an≤ 4″5 litr≥s, r≥sp≥ctiv≥ly (Faruqu≥ ≥t al., ı99İ; 
U≤≤in ≥t al., ′İı6). 

Th≥r≥ is s≥v≥ral r≥s≥arch works in 
Bangla≤≥sh which is ≤≥monstrat≥≤ about 
pro≤uctiv≥, r≥pro≤uctiv≥ an≤ manag≥m≥nt syst≥m 
of ≤airy buffalo un≤≥r ≥xt≥nsiv≥ an≤ s≥mi- int≥nsiv≥ 
syst≥m, but th≥r≥ is v≥ry f≥w information about 
int≥nsiv≥ syst≥m of buffalo farming. Mor≥ov≥r 
In≤ia,  Pakistan,  Trini≤a≤,  Italy  an≤  som≥  oth≥r 
country hav≥ b≥≥n start≥≤ int≥nsiv≥ syst≥m buffalo 
farming to incr≥as≥ th≥ national milk pro≤uction 
in th≥ country. Farm≥rs of Bangla≤≥sh b≥li≥v≥ that 
≥xt≥nsiv≥ syst≥m is ≥ss≥ntial for buffalo farming 
≤u≥ to its f≥≥≤ing an≤ wallowing b≥haviours. 
This stu≤y is th≥r≥for≥ un≤≥rtak≥n to know th≥ 
≤iff≥r≥nt information r≥gar≤ing f≥≥≤ing, br≥≥≤ing, 
manag≥m≥nt practic≥ an≤ associat≥≤ probl≥ms 
un≤≥r  int≥nsiv≥  syst≥m  of  ≤airy  buffalo  farming; 
so that policy mak≥rs coul≤ b≥ giv≥n att≥ntion 
for ≤≥v≥lopm≥nt of milking buffalo farming 
which woul≤ l≥a≤ to improv≥ milk pro≤uction in 
Bangla≤≥sh.

MATERIAL AND METHODS

Location of stu≤y ar≥as
Dinajpur ≤istrict was s≥l≥ct≥≤ for th≥ stu≤y 

as a s≥mi-ari≤ aria. Mor≥ov≥r gr≥at≥r Dinajpur an≤ 
Rajshahi  ≤istrict  ar≥  s≥con≤  buffalo  conc≥ntrat≥ 
ar≥as  hol≤ing  5.ı  to  ıİ  buffalo  for  ıİİİ  p≥opl≥ 
(Huqu≥  an≤  Khan,  ′İı7).  Birganj,  Kaharol  an≤ 
Dinajpur sa≤ar upazilla un≤≥r Dinajpur ≤istrict 
w≥r≥ s≥l≥ct≥≤ for th≥ stu≤y.

Climat≥ of Stu≤y ar≥a
Dinajpur ≥xp≥ri≥nc≥s a hot, w≥t an≤ 

humi≤ tropical climat≥. Un≤≥r th≥ Kpp≥n climat≥ 
classiication,  Dinajpur  has  a  tropical  w≥t  an≤ 
≤ry climat≥. Th≥ ≤istrict has a ≤istinct monsoonal 
s≥ason, with an annual av≥rag≥ t≥mp≥ratur≥ of 
′5oC (77oF)  an≤ monthly  m≥ans varying  b≥tw≥≥n 
ı8oC (64oF) in January an≤ ′9oC (84oF) in August. 
Pa≤≤y,  Maiz≥,  wh≥at  an≤  potato  ar≥  main  crops 
(Wikip≥≤ia ′İı7).

Farm≥r s≥l≥ction
Bas≥≤ on th≥ information of Upazila 

Liv≥stock Ofic≥ of Birganj, Kaharol an≤ Dinajpur 
Sa≤ar buffalo farm≥rs w≥r≥ consi≤≥r≥≤ for th≥ 
stu≤y.  Farm≥rs  w≥r≥  ran≤omly  s≥l≥ct≥≤  bas≥≤  on 
manag≥m≥nt syst≥m an≤ on th≥ ≥xp≥ri≥nc≥ of ≤airy 
buffalo farming having at list on≥ milking buffalo 
an≤ on≥ calf.

Pr≥paration of qu≥stion≥r
Structur≥ qu≥stionnair≥ was ≤≥v≥lop≥≤ 

accor≤ing to variabl≥ of th≥ obj≥ctiv≥s. Variabl≥s lik≥ 
pro≤uctiv≥, r≥pro≤uctiv≥, f≥≥≤ing an≤ manag≥m≥nt 
practic≥ with r≥lat≥≤ probl≥m for buffalo farming 
w≥r≥ consi≤≥r≥≤. Data was coll≥ct≥≤ using stan≤ar≤ 
proc≥≤ur≥. Th≥ qu≥stionnair≥ was pr≥-t≥st≥≤ in th≥ 
s≥l≥ct≥≤ ar≥a. Som≥ a≤≤ition an≤ subtraction ha≤ 
b≥≥n ma≤≥ in th≥ pr≥liminary sch≥≤ul≥ on th≥ basis 
on ≥xp≥ri≥nc≥≤ gain≥≤ in pr≥-tasting an≤ inaliz≥≤ 
th≥ qu≥stionnair≥. Th≥ sch≥≤ul≥ contains w≥r≥ both 
op≥n an≤ clos≥≤-≥n≤≥≤ qu≥stion. 

Data coll≥ction
Qualitativ≥ an≤ quantitativ≥ information 

w≥r≥ coll≥ct≥≤ from hous≥hol≤ yar≤ int≥nsiv≥ an≤ 
full int≥nsiv≥ farm. Data w≥r≥ coll≥ct≥≤ ≤ir≥ctly 
from  ″İ  hous≥hol≤  yar≤  int≥nsiv≥  (HYI)  farms 
an≤ visit≥≤ by th≥ r≥s≥arch≥r through fac≥ to fac≥ 

https://en.wikipedia.org/wiki/K%C3%B6ppen_climate_classification
https://en.wikipedia.org/wiki/K%C3%B6ppen_climate_classification
https://en.wikipedia.org/wiki/Tropical_savanna_climate
https://en.wikipedia.org/wiki/Tropical_savanna_climate
https://en.wikipedia.org/wiki/Monsoon
https://en.wikipedia.org/wiki/Monsoon
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int≥rvi≥ws. Mor≥ov≥r mor≥ than 6İ milking buffalo 
farm≥rs w≥r≥ ≤iscuss≥≤ for vali≤at≥ th≥ information 
of hous≥hol≤ yar≤ int≥nsiv≥ syst≥m (HYI). 
Discussion was also con≤uct≥≤ with th≥ cowboys 
(hir≥≤ labours) who w≥r≥ tak≥n car≥ of buffalo 
farm to conirm an≤ r≥ch≥ck th≥ information. 

Information is coll≥ct≥≤ from two 
compl≥t≥ly int≥nsiv≥ (CI) syst≥m buffalo farms 
(who w≥r≥ r≥aring buffalo≥s sinc≥ thr≥≥ ≤≥ca≤≥) 
ov≥r six months p≥rio≤ through ≤ir≥ct int≥rvi≥w 
with a pr≥scrib≥≤ format which was k≥pt in r≥cor≤ 
book.  R≥s≥arch≥r  also  k≥pt  communication  with 
th≥ farm own≥rs by ov≥r mobil≥ phon≥ ≤uring stu≤y 
p≥rio≤. Bas≥≤ on r≥cor≤ book, ≤iff≥r≥nt information/
variabl≥s w≥r≥ coll≥ct≥≤ from in≤ivi≤ual farm ≥.g. 
g≥station p≥rio≤, calving int≥rval, lactation p≥rio≤, 
≤ry p≥rio≤, milk pro≤uction, br≥≥≤ing syst≥m an≤ 
proitability.  F≥≥≤ing  an≤  manag≥m≥nt  practic≥s 
w≥r≥  ≤ocum≥nt≥≤  bas≥≤  on  qu≥stion≥r.  Probl≥m 
associat≥≤ to buffalo farming w≥r≥ coll≥ct≥≤ an≤ 
r≥ch≥ck≥≤ with cowboys, V≥t≥rinary Fi≥l≤ Assistant 
(VFA) an≤ Upazilla Liv≥stock Ofic≥r (ULO). Th≥ 
stu≤y th≥r≥for≥ follows th≥ mix≥≤ m≥tho≤ology 
mo≤≥ of Gr≥≥n≥ ≥t al. (ı989) focusing mainly on 
triangulation which can inv≥stigat≥ th≥ sam≥ issu≥ 
with th≥ sam≥ unit of analysis (Mitch≥ll, ı986).

P≥rio≤ of stu≤y
Farm  visit,  farm  obs≥rvation,  s≥con≤ary 

r≥vi≥w, community ≤iscussion w≥r≥ h≥l≤ in th≥ 
p≥rio≤ of six moths which was from Octob≥r ′İı6 
to March ′İı7. 

Milk sampl≥ coll≥ction an≤ analysis
Milk sampl≥ w≥r≥ coll≥ct≥≤ from both 

typ≥  of  int≥nsiv≥  farm  of  Dinajpur  ≤istrict.  Just 
aft≥r milking milk sampl≥s w≥r≥ coll≥ct≥≤ by ic≥ 
box an≤ friz≥ at minus tw≥nty ≤≥gr≥≥ c≥ntigra≤≥ 
(-′İoC) ≤u≥ to bring th≥ sampl≥ to Dairy Sci≥nc≥ 

Laboratory, Bangla≤≥sh Agricultural Univ≥rsity, 
Mym≥nsingh. Milk sampl≥s w≥r≥ analys≥≤ 
aft≥r r≥aching normal t≥mp≥ratur≥. Th≥ milk 
compositions (TS, SNF, Fat, Prot≥in, Lactos≥, Ash, 
PH, D≥nsity an≤ con≤uctivity) w≥r≥ analyz≥≤ by 
using Lactoscan milk analyz≥r (Milktronic Lt≤., 
6İİ  Stara  Zagora,  Bulgaria)  in  th≥  Dairy  Sci≥nc≥ 
Laboratory, Bangla≤≥sh Agricultural Univ≥rsity.

D≥t≥rmin≥ of th≥ probl≥m matrix of ≤airy 
buffalo farming

In or≤≥r to un≤≥rstan≤ local p≥rc≥ptions 
of th≥ probl≥m of ≤airy buffalo farming, a simpl≥ 
proportional pilling tool was us≥≤ with two ≤iff≥r≥nt 
groups of informant consisting sixt≥≥n buffalo 
farm≥rs. Th≥ informants w≥r≥ ask≥≤ to think about 
r≥lat≥≤  probl≥m  that  might  hav≥  inlu≥nc≥≤  th≥ 
r≥≤uction of ≤airy buffalo pro≤uction. T≥n factors 
w≥r≥ i≤≥ntii≥≤ an≤ th≥n r≥cogniz≥≤ irst iv≥ factors 
using ı6 small ston≥s.

Data analysis
Aft≥r coll≥cting ≤ata from i≥l≤, th≥s≥ w≥r≥ 

≥≤it≥≤ an≤ co≤≥≤. Th≥ ≤ata was th≥n transf≥r to 
MS Exc≥l for proc≥ssing an≤ summarizing. Th≥ 
tabular t≥chniqu≥ mainly us≥≤ to analyz≥ th≥ ≤ata 
an≤  ≤≥riv≥≤  m≥aningful  in≤ing  by  using  simpl≥ 
statistical m≥asur≥s lik≥ m≥an, p≥rc≥ntag≥ an≤ 
ratio. Statistical analys≥s w≥r≥ carri≥≤ out through 
SPSS v≥rsion ı6 comput≥r packag≥ an≤ analysis of 
varianc≥ of tr≥atm≥nt (thr≥≥ locations) m≥ans was 
≤on≥ by ANOVA in cas≥ of pro≤uctiv≥, r≥pro≤uctiv≥ 
an≤  milk  quality.  Duncan  Multipl≥  Rang≥  T≥st 
(DMRT) was us≥≤ to th≥ l≥v≥l of signiicanc≥ th≥ 
tr≥atm≥nt m≥ans.
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RESULT AND DISCUSSION

Dairy buffalo mo≤≥l
Dairy buffalo farm w≥r≥ v≥ry scatt≥r≥≤ 

in  th≥  stu≤y  ar≥as.  Eighty-≥ight  p≥rc≥nt  (88%) 
farm≥rs r≥ar≥≤ ≤airy buffalo≥s that w≥r≥ purchas≥≤ 
pr≥gnant or h≥if≥r buffalo for busin≥ss purpos≥. 
All of th≥m r≥ar≥≤ buffalo un≤≥r hous≥hol≤ yar≤. 
Aft≥r calving, farm≥rs sol≤ buffalo with calf wh≥n 
ag≥ of calf b≥cam≥ for two-thr≥≥ months. Among 
th≥m, a total of ı′% farm≥rs maintain≥≤ full cycl≥; 
th≥y r≥ar≥≤ milking buffalo≥s with calf for s≥lling 
milk as a m≥ans of family incom≥. Buffalo w≥r≥ 
r≥ar≥≤ in sh≥≤ at night an≤ whol≥ ≤ay in hous≥hol≤ 
yar≤ allocation with f≥≥≤s. On th≥ contrary, a f≥w 
numb≥r of int≥nsiv≥ ≤airy buffalo h≥r≤s w≥r≥ 
shown in stu≤y ar≥as that w≥r≥ r≥ar≥≤ buffalo all 
tim≥ in th≥ sh≥≤. Th≥y w≥r≥ r≥aring buffalo≥s sinc≥ 
two-thr≥≥ ≤≥ca≤≥s. H≥r≤ siz≥ was consisting with 
6 to ′′ buffalo≥s by maintaining stall f≥≥≤ing with 
cooling fan an≤ show≥ring, call≥≤ as compl≥t≥ly 
int≥nsiv≥ (CI) syst≥m.

Housing syst≥m
Most of th≥ hous≥ ma≤≥ by mu≤≤y, 

bamboo an≤ straw. At night farm≥r k≥pt animal in 
hous≥. During ≤ay, th≥y k≥pt animal in hous≥hol≤ 
yar≤ (HYI) wh≥r≥ animal took r≥st an≤ f≥≤ to straw, 
grass, wat≥r an≤ small amount of conc≥ntrat≥ f≥≥≤ 
un≤≥r HYI syst≥m. But buffalo≥s w≥r≥ pass≥≤ ≤ay-
night in brick an≤ tin ma≤≥ sh≥≤ un≤≥r compl≥t≥ly 
int≥nsiv≥ syst≥m (CI). U≤≤in ≥t al. (′İı6) obs≥rv≥≤ 
that ≤airy buffalo≥s w≥r≥ k≥pt un≤≥r s≥mi-int≥nsiv≥ 
syst≥m  in  th≥  w≥t  s≥ason  an≤  only  ı5%  farm≥rs 
provi≤≥≤ sh≥≤ having only roof but no concr≥t≥ 
loor. Akbar ≥t al.  (′İİ9)  m≥ntion≥≤  that  most  of 
th≥ ≤airy buffalo w≥r≥ not hous≥≤ in ≥xt≥nsiv≥ 
syst≥m of bathan ar≥as but buffalo≥s which w≥r≥ in 
th≥ plain lan≤ som≥tim≥ ha≤ an ≥nclosur≥, only roof 

ma≤≥  by  straw  or  tin  without  wall  an≤  loor  was 
always mu≤≤y. S≥v≥nty four p≥rc≥nt r≥spon≤≥nts 
r≥port≥≤ that th≥ av≥rag≥ housing faciliti≥s w≥r≥ 
unavailabl≥  for  buffalo  r≥aring  (Si≤≤iki,  ′İı7) 
which was not agr≥≥≤ to pr≥s≥nt stu≤y as in Dinajpur 
both typ≥ of farm provi≤≥≤ hous≥s for buffalo≥s. 
Accor≤ing  to  Si≤≤iki,  ′İı7,  ıİİ%  of  th≥  farm≥rs 
≤i≤n’t car≥ about th≥ housing for buffalo r≥aring in 
Subornochar upozila, follow≥≤ by Trishal, Bagha 
an≤ Lalpur w≥r≥ 8İ%, 7İ% an≤ 45%, r≥sp≥ctiv≥ly 
an≤  ≤iff≥r≥≤  signiicantly  (P<İ.İı)  b≥tw≥≥n  th≥ 
locations.

F≥≥≤ing syst≥m
Th≥ main ≤i≥t for th≥ buffalo was roughag≥ 

such as natural grass, an≤ pa≤≤y straw. Th≥ 
roughag≥ coul≤ b≥ f≥≤ ≥ith≥r fr≥sh as pastur≥ or in 
a cut-an≤-carry-syst≥m. Th≥ roughag≥ was oft≥n 
compl≥m≥nt≥≤ with grains, conc≥ntrat≥ an≤ agro-
in≤ustrial by-pro≤ucts such as of wh≥at bran, oil 
cak≥ an≤ brok≥n ric≥ ≥tc. Conc≥ntrat≥ f≥≥≤, pa≤≤y 
straw, local grass an≤ wat≥r w≥r≥ provi≤≥≤ in th≥ 
mang≥r in a hous≥hol≤ yar≤ in ≤ay tim≥ un≤≥r HYI 
syst≥m. But in night only straw an≤ wat≥r k≥pt in 
th≥ sh≥≤ wh≥r≥ pass≥≤ whol≥. Forag≥  was  foun≤ 
as insufici≥nt ≤uring th≥ ≤ry s≥ason an≤ abun≤ant 
≤uring th≥ rainy s≥ason. 

Diff≥r≥nt  typ≥s  of  f≥≥≤  bas≥  i≤≥ntii≥≤ 
un≤≥r int≥nsiv≥ hous≥hol≤ yar≤ (HYI) syst≥m. 
Av≥rag≥ ric≥ gru≥l r≥a≤y f≥≥≤, brok≥n maiz≥, 
maiz≥  low≥r,  ric≥  bran,  wh≥at  bran  ,  brok≥n  ric≥ 
aft≥r cook, mustar≤ oil cack, molass≥s, pa≤≤y straw 
gr≥≥n grass cultivat≥≤/cut an≤ carry an≤ fr≥sh wat≥r 
w≥r≥ ı.7ı, İ.İ″, İ.ı4, İ.ı6, İ.ı4, ı.5″, İ.86, İ.ı9, 
İ.İ9,  ıİ.69,  6.′′  an≤  ′5  to  6İ  kg/≤ay/buffalo 
provi≤≥≤ r≥sp≥ctiv≥ly. All farm≥rs provi≤≥≤ pa≤≤y 
straw an≤ half of th≥m w≥r≥ provi≤≥≤ gr≥≥n grass. 
A total of 75% farm≥rs provi≤≥ wh≥at bran, 6′.5% 
farm≥rs  provi≤≥  cack,  6′.5%  farm≥rs  provi≤≥ 
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brok≥n ric≥ aft≥r cooking an≤ 5İ% farm≥rs provi≤≥ 
brok≥n maiz≥ to milking buffalo (Tabl≥ ı). Un≤≥r 
compl≥t≥ly int≥nsiv≥ syst≥m (CI), supply of f≥≥≤ 
r≥sourc≥s ≤≥p≥n≤ on s≥ason an≤ availabl≥ of f≥≥≤s 
an≤ fo≤≤≥rs Tabl≥ ′. Buffalo≥s w≥r≥ giv≥n mor≥ 
grass (ıİ to ı4 kg/≤ay/≥ach) for thr≥≥-iv≥ months 
(March to July) ≤uring lash p≥rio≤ an≤ l≥ss grass 
(ı to 6 kg/≤ay/≥ach) for s≥v≥n months (August to 
F≥bruary)  ≤uring  l≥an  p≥rio≤.  During  that  tim≥ 
pa≤≤y straws w≥r≥ also giv≥n at th≥ rat≥ of 7.5 to 9 
an≤ ıı to ı4 kg/≤ay r≥sp≥ctiv≥ly ≤≥p≥n≤ing on th≥ 
s≥ason. Allocation of conc≥ntrat≥ f≥≥≤s w≥r≥ 5 to 
7 kg/milking buffalo. Brok≥n maiz≥, wh≥at bran, 
brok≥n ric≥, an≤ oil cak≥ mainly w≥r≥ us≥≤ for 
conc≥ntrat≥  mixtur≥.  Ahm≥≤  (′İİ6)  show≥≤  that 
common conc≥ntrat≥s of wh≥at bran, ric≥ polish, 
p≥a bran, kh≥sary bran, matikalai bran, l≥ntil, 
s≥sam≥ oil cak≥, coconut oil cak≥ an≤ mustar≤ 
oil cak≥ w≥r≥ availabl≥ roun≤ th≥ y≥ar for ≤airy 
animal which support our in≤ings. In th≥ rainy an≤ 
wint≥r s≥ason som≥ l≥gum≥s, gr≥≥n grass≥s w≥r≥ 
grown spora≤ically in som≥ ar≥as of th≥ country 
an≤ n≥xt six months availability of gr≥≥n grass 
was v≥ry limit≥≤, ≤uring this tim≥ ric≥ straw alon≥ 
contribut≥s  87%  of  roughag≥  portion  of  th≥  ≤airy 
f≥≥≤ (Tar≥qu≥, ı99ı) (Tabl≥ ″).

Th≥ ≤ry matt≥r intak≥ (DMI) (kg/≤) of 
milking buffalo≥s in ≤iff≥r≥nt locations was vari≥s 
from  ı″  to  ı5  (kg/≤)  (Si≤≤iki,  ′İı7)  but  in  our 
stu≤y ≤ry matt≥r supply (DMI) (kg/≤) of milking 
buffalo≥s in stu≤y ar≥a was n≥ar to similar as ≤ry 
matt≥r basis (kg/≤ay). 

Wat≥ring
All  farm≥rs  (ıİİ%)  provi≤≥≤  fr≥sh 

≤rinking wat≥r to buffalo in thr≥≥ tim≥s a ≤ay 
un≤≥r HYI an≤ CI syst≥m. Av≥rag≥ wat≥r intak≥ 
was  ′6  to  6İ  litt≥r  un≤≥r  HYI.  But  45  litt≥rs  an≤ 
6İ litt≥rs w≥r≥ foun≤ in wint≥r an≤ summ≥r p≥rio≤ 

r≥sp≥ctiv≥ly un≤≥r CI syst≥m. Drinking wat≥r is th≥ 
most important wat≥r sourc≥ of buffalo for bo≤y 
functions, ≥.g. maintaining bo≤y t≥mp≥ratur≥, milk 
pro≤uction an≤ maintaining bloo≤ plasma volum≥. 
A r≥strict≥≤ wat≥r intak≥ l≥a≤s to a ≤≥cr≥as≥ in ≤ry 
matt≥r intak≥ an≤ thus aff≥cts milk pro≤uction an≤ 
growth n≥gativ≥ly (Buffalop≥≤ia, ′İı8).

Wallowing
Du≥ to k≥≥p cool bo≤y t≥mp≥ratur≥ an≤ 

control of ins≥ct, buffalo≥s show≥≤ wallowing 
b≥havior. In cas≥ of abs≥nc≥ of wat≥r or mu≤ hol≥, 
th≥ buffalo≥s b≥hav≥ mor≥ lik≥ly to cattl≥. Th≥y n≥≥≤ 
sha≤≥ an≤ show≥r. V≥ry f≥w numb≥rs of buffalo≥s 
w≥r≥ allow≥≤ for wallowing at pon≤ or riv≥r in 
summ≥r s≥ason un≤≥r HYI syst≥m. Wallowing was 
≤on≥ in riv≥r/pon≤ for ı to ′ h ≤uring July to Octob≥r 
in this syst≥m. Buffalo≥s w≥r≥ show≥r≥≤ onc≥/two 
tim≥s ≤uring a w≥≥k in high cool p≥rio≤ (D≥c≥mb≥r 
to  January)  an≤  oth≥r  tim≥,  most  of  th≥  farm≥rs’ 
show≥r≥≤ buffalo at hom≥ onc≥ tim≥ in a ≤ay for 
both HYI an≤ CI syst≥m. Wh≥n buffalo≥s ≥nt≥r 
th≥ wat≥r, th≥y ≤≥f≥cat≥ an≤/or urinat≥ to maintain 
t≥mp≥ratur≥  (buffalop≥≤ia,  ′İı8).  Accor≤ing  to 
farm≥r r≥action, without show≥ring, buffalo f≥≥≤ 
intak≥ was r≥≤uc≥≤, skin ≤is≥as≥, ≤≥lay h≥at an≤ 
≥arly abortion might b≥ occurr≥≤.

Br≥≥≤ing
A  total  of  96.″%  buffalo  cow  r≥c≥iv≥≤ 

natural br≥≥≤ing un≤≥r HYI syst≥m wh≥r≥as, 
AI  was  cov≥r≥≤  only  ″.7%  in  s≥mi-ari≤  ar≥as  of 
Bangla≤≥sh. Most of th≥ farm≥rs w≥r≥ facing 
probl≥m to br≥≥≤ th≥ir buffalo≥s ≤uring h≥at. As 
of  notiication  of  farm≥rs  buffalo≥s  w≥r≥  missing 
h≥at s≥v≥ral tim≥s ≤u≥ to lack of br≥≥≤ing bull an≤ 
far ≤istanc≥ of bull station from farm. Mor≥ov≥r 
farm≥rs bring th≥ h≥at≥≤ buffalo far way by small 
van/track  which  was  v≥ry  costly  (BDT  ′5İİİ  to 
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″İİİİ).  On  th≥  oth≥r  han≤  natural  br≥≥≤ing  w≥r≥ 
follow≥≤ in CI syst≥m as br≥≥≤ing bull w≥r≥ k≥pt 
in this farm (Tabl≥ 4). 

Th≥ natural mating syst≥m was practic≥≤ 
by th≥ most farm≥rs though f≥w numb≥r of 
br≥≥≤ing bull having in th≥ h≥r≤ (about ı%) both 
in hous≥hol≤ an≤ bathan farming in Bangla≤≥sh 
(U≤≤in ≥t al.,  ′İı6)  which  agr≥≥≤  to  our  pr≥s≥nt 
in≤ing. Sawarkar ≥t al. (′İİı) r≥port≥≤ that, most 
of th≥ farm≥rs pr≥f≥rr≥≤ natural s≥rvic≥ with th≥ 
≥xp≥ctation that it woul≤ incr≥as≥ th≥ conc≥ption 
rat≥. Mor≥ than half of th≥ farm≥rs us≥≤ natural 
s≥rvic≥ to th≥ir buffalo in h≥at at th≥ right tim≥, 
whil≥  4′%  of  farm≥rs  w≥r≥  unabl≥  to  ins≥minat≥ 
th≥ir animals in tim≥ ≤u≥ to various r≥asons (U≤≤in 
≥t al., ′İı6).

Milk pro≤uction an≤ quality
Av≥rag≥  milk  pro≤uction  for  irst,  s≥con≤ 

an≤ thir≤ stag≥ w≥r≥ 6.8İ, 4.″İ an≤ ′.İİ litt≥r/≤ay/ 
buffalo r≥sp≥ctiv≥ly un≤≥r HYI syst≥m an≤ it was 
ıı,6.5  an≤  ′.5  litt≥r/≤ay/  buffalo  r≥sp≥ctiv≥ly  for 
CI syst≥m (Tabl≥ 5). 

Tabl≥  6  show≥≤  that  ch≥mical  quality 
of buffalo milk for hous≥hol≤ int≥nsiv≥ (HYI) 
an≤ compl≥t≥ly int≥nsiv≥ (CI) farm in stu≤y 
ar≥as.  Signiicant  ≤iff≥r≥nc≥  w≥r≥  foun≤  on  total 
soli≤s, fat an≤ prot≥in cont≥nt but no signiicanc≥ 
≤iff≥r≥nc≥ w≥r≥ obs≥rv≥≤ on SNF, lactos≥ an≤ ash 
of  buffalo  milk  b≥tw≥≥n  two  farms.  Insigniicant 
≤iff≥r≥nc≥  (P>İ.İ5)  was  foun≤  for  th≥  valu≥  of 
≥l≥ctric con≤uctivity (ECms/cm) that show≥≤ 
both  farms  pro≤uc≥≤  h≥althy  milk  (″.′5αİ.49  vs 
″.İ9αİ.89).  Milk  quality  of  buffalo  agr≥≥≤  with 
th≥ r≥sult of Xiao-YanLing ≥t al., ′İı″ who foun≤ 
that th≥ av≥rag≥ milk yi≥l≤ p≥r lactation in ″İ5 ≤ay, 
av≥rag≥ milk fat, prot≥in, lactos≥, total soli≤ an≤ 
non-fat soli≤ of ≤airy buffalo w≥r≥ ıı6′ kg ,7.5′%, 
4.″′%, 5.ı9%, ı7.8ı%, an≤ ıİ.ıı%, r≥sp≥ctiv≥ly 

in Mang city of China. 
Milk man was milking from buffalo cow 

an≤ purchas≥≤ milk but pric≥ was not w≥ll (4İ to 
4′ Tk/L) in HYI syst≥m. Milk sol≤ to local mark≥t 
an≤ sw≥≥tm≥at shop. Som≥ tim≥ Milk man ≤i≤n’t 
com≥ to coll≥ct milk an≤ farm≥r b≥cam≥ loos≥r. 
Th≥y gav≥ mon≥y to farm own≥r quart≥rly or 
monthly basis. Buffalo farm≥rs th≥r≥for≥ ≤≥p≥n≤ on 
mi≤≤l≥ man for pricing of milk. But in compl≥t≥ly 
int≥nsiv≥ syst≥m, farm≥r was sol≤ milk ≤ir≥ctly to 
sw≥≥tm≥at shop (5İ to 55 Tk/L) an≤ took r≥lativ≥ly 
b≥tt≥r pric≥ than HYI syst≥m.

Pro≤uctiv≥ an≤ r≥pro≤uctiv≥ charact≥rs
Pro≤uctiv≥  an≤  r≥pro≤uctiv≥  charact≥rs 

of ≤airy buffalo w≥r≥ ≥xpos≥≤ in Tabl≥ 7 un≤≥r 
hous≥hol≤ int≥nsiv≥ (HYI) an≤ compl≥t≥ly 
int≥nsiv≥ (CI) syst≥m. Lactation L≥ngth (≤ay), 
av≥rag≥ milk yi≥l≤ (L/≤ay), ≤ry p≥rio≤ (≤ay), ag≥ 
at irst pr≥gnancy (month) an≤ ag≥ at irst calving 
(month)  w≥r≥  foun≤  highly  signiicant  (P<İ.İİı) 
b≥tw≥≥n th≥ syst≥m. S≥rvic≥ p≥r conc≥ption 
(numb≥r), s≥rvic≥ p≥r conc≥ption an≤ post Partum 
h≥at (month) p≥rio≤ of ≤airy buffalo w≥r≥ foun≤ as 
signiicant  (P<İ.İ5)  ≤iff≥r≥nt  b≥tw≥≥n  hous≥hol≤ 
int≥nsiv≥ (HYI) an≤ compl≥t≥ly int≥nsiv≥ (CI) 
syst≥m.  But  insigniicant  ≤iff≥r≥nt  w≥r≥  shown  in 
cas≥ of w≥aning ag≥ (≤ays) an≤ g≥station l≥ngth 
b≥tw≥≥n thos≥ syst≥m (month). Th≥ av≥rag≥ 
≤ry p≥rio≤ (≤ay), w≥aning ag≥ (≤ay), s≥rvic≥ p≥r 
conc≥ption  (Numb≥r), ag≥  at  irst  pr≥gnancy 
(month), ag≥ at irst caving (month), calving int≥rval 
(month), g≥station p≥rio≤ (month), postpartum h≥at 
p≥rio≤ (month) w≥r≥ ı7′.67α′′.7″ an≤ 97.′′α6.ı8, 
ı99.″″αı9.′8  an≤  ı9İ.56α8.8ı,  ′.İİαİ.58  an≤ 
ı.″″αİ.5İ, ″5.4′α″.48 an≤ ′9.″″αİ.86, 45.6İα″.6İ 
an≤  ″9.″″αİ.86,  ı4.İİαı.″İ  an≤  ı′.89αı.ı6, 
ıİ.İıαİ.ı7  an≤  ıİ.İİαİ.İİ  an≤  4.′″αİ.89  an≤ 
″.44αİ.7′  for  HYI  an≤  CI  syst≥m,  r≥sp≥ctiv≥ly 
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Tabl≥ 5. Av≥rag≥ milk pro≤uction (L/≤ay).
Manag≥m≥nt syst≥m First stag≥ (L/≤ay) S≥con≤  stag≥ (L/≤ay) Thir≤ stag≥ (L/≤ay)

HYI 6.8İ 4.″İ ′.İİ
CI ıı 6.5 ′.5

Tabl≥ 6. Ch≥mical quality of buffalo milk un≤≥r Hous≥hol≤ Int≥nsiv≥ (HYI) an≤ Compl≥t≥ly Int≥nsiv≥ (CI)  
              syst≥m. 
Param≥t≥r (%) Hous≥hol≤ int≥nsiv≥ Compl≥t≥ly int≥nsiv≥ L≥v≥l of signiicanc≥
Total soli≤ ı6.4″αı.İ″ ı8.′İαİ.98 **
Fat 6.86αİ.65 8.6′αİ.97 ***
SNF 9.4′αİ.7İ 9.49αİ.′9 NS
Lactos≥ 4.54αİ.ı8 4.66αİ.ı4 NS
Ash İ.67αİ.İ5 İ.7İαİ.İ″ NS
Prot≥in 4.″′αİ.″5 ″.86αİ.′′ **
pH 6.′İαİ.4′ 6.İ9α.″İ NS
Con≤uctivity ″.′5αİ.49 ″.İ9αİ.89 NS

Tabl≥ 4. Br≥≥≤ing syst≥m an≤ tim≥ of h≥at show≥≤ by buffalo cows.
Variabl≥s S≥mi-ari≤ (Dinajpur)

Typ≥ of br≥≥≤ing
Natural br≥≥≤ing (% of buffalo) 96.″
Artiicial ins≥mination (AI) (% of buffalo) ″.7

Tim≥ of signing h≥at 
Early morning (% of buffalo) ıı
Noon (% of buffalo) ″.′
Aft≥rnoon (% of buffalo) 5.7
Ev≥ning (% of buffalo) ı′.4
Early night (% of buffalo) 47
Lat≥ night (% of buffalo) ′İ.7
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(Tabl≥  7).  Similar  in≤ings  w≥r≥  also  r≥port≥≤  by 
oth≥r authors (Karim ≥t al.,  ′İı″;  Faruqu≥ ≥t al., 
ı99İ;  Shab≥≤≥ ≥t al.,  ′İİ″)  which  w≥r≥  mor≥  or 
l≥ss similar to our in≤ings.

Th≥ lactation yi≥l≤ in th≥ hous≥hol≤ 
farming/ s≥mi-int≥nsiv≥ syst≥m an≤ bathan 
farming  /≥xt≥nsiv≥  syst≥m  w≥r≥  7ı′  to  799  an≤ 
4″5  litr≥s,  r≥sp≥ctiv≥ly  (Faruqu≥ ≥t al.,  ı99İ; 
U≤≤in ≥t al., ′İı6) which ar≥ much low≥r than th≥ 
Nili-Ravi  buffalo≥s  r≥port≥≤  by  Mu≤gal  (ı989); 
Khan  (ı995);  ICAR  (′İİİ)  an≤  also  low≥r  than 
pr≥s≥nt in≤ing. Lactation yi≥l≤ of our in≤ing also 
mor≥  than  th≥  in≤ing  of  Huss≥n  (ı99İ);  Faruqu≥ 
an≤  Amin  (ı995).  Lactation  yi≥l≤  of  in≤ig≥nous 
buffalo≥s  w≥r≥  low  in  Khulna  r≥gion  (′8İ  litr≥s, 
Faruqu≥ an≤ Amin, ı995) an≤ Tangail ≤istrict (8″İ 
litr≥s,  Huss≥n,  ı99İ).  Cross  br≥≥≤  buffalo≥s  w≥r≥ 
r≥ar≥≤ in HYI an≤ CI syst≥m in Dinajpur ≤istrict 
which w≥r≥ migrat≥≤ from In≤ia. 

Calf manag≥m≥nt
Most of th≥ farm≥rs f≥≤ colostrums an≤ 

milk to n≥w born buffalo calf. Aft≥r on≥ month 
l≥tt≥r, wh≥at bran, cak≥ an≤ n≥wly grown soft grass 
w≥r≥  f≥≤  to  calf  (5İ  to  6İ  gm/≤ay).  Calv≥s  w≥r≥ 
k≥pt in s≥parat≥ ≤ry an≤ cl≥an plac≥ in sam≥ room 
of moth≥r at night an≤ k≥pt at ≤ay tim≥ in rais≥ pit 
un≤≥r tr≥≥ sh≥≤. Tim≥ly f≥≥≤ing of colostrums to 
calv≥s is ≥ss≥ntial an≤ it shoul≤ b≥ f≥≤ within ′ to 
″ h aft≥r birth an≤ ≤≥lay in f≥≥≤ing of colostrums 
l≥a≤ to low≥r≥≤ ≥ff≥ctiv≥n≥ss of th≥ colostrums in 
t≥rms of provi≤ing immunity to calv≥s (Sharma an≤ 
Mishra, ı987). Tiwari ≥t al. (′İİ7) foun≤ that th≥ 
≤is≥as≥ inci≤≥nc≥ in In≤ia Diarrho≥a, pn≥umonia, 
parasitic inf≥station, ≤ys≥nt≥ry was foun≤ as 
common ≤is≥as≥s in stu≤y ar≥as. Tiwari ≥t al. 
(′İİ7) also foun≤ thos≥ typ≥ of ≤is≥as≥ inci≤≥nc≥ in 
In≤ia in buffalo calv≥s which r≥v≥als that th≥ most 
common an≤ fr≥qu≥nt occurring ≤is≥as≥ in calv≥s 

Tabl≥ 7. Pro≤uctiv≥ an≤ r≥pro≤uctiv≥ traits of ≤airy buffalo un≤≥r Hous≥hol≤ Int≥nsiv≥ (HYI) an≤ Compl≥t≥ly  
              Int≥nsiv≥ (CI) syst≥m.

Param≥t≥rs Hous≥hol≤ Int≥nsiv≥ 
(HYI) syst≥m

Compl≥t≥ly 
Int≥nsiv≥(CI) syst≥m

L≥v≥l of 
signiicant

Lactation L≥ngth (≤ay) ı88.67αı″.İ6 ′ı7.′′α6.ı8 ***
Lactation yi≥l≤ (L) ıİ′8α′56.68 ′İİıα″″′.97 ***
Av≥rag≥ milk yi≥l≤ (L/≤ay) 5.46αı.″″ 9.′′αı.56 ***
Dry p≥rio≤ (≤ay) ı7′.67α′′.7″ 97.′′α6.ı8 ***
W≥aning ag≥ (≤ays) ı99.″″αı9.′8 ı9İ.56α8.8ı NS
S≥rvic≥ p≥r conc≥ption (numb≥r) ′.İİαİ.58 ı.″″αİ.5İ *
Ag≥ at irst  pr≥gnancy (month) ″5.4′α″.48 ′9.″″αİ.86 ***
Ag≥ at irst calving (month) 45.6İα″.6İ ″9.″″αİ.86 ***
Calving int≥rval (month) ı4.İİαı.″İ ı′.89αı.ı6 *
G≥station l≥ngth (month) ıİ.İıαİ.ı7 ıİ.İİαİ.İİ NS
Postpartum h≥at (month) 4.′″αİ.89 ″.44αİ.7′ *

   *** = Signiicanc≥ at İ.ı% l≥v≥l of probability; * = Signiicanc≥ at 5% l≥v≥l of probability; 
   NS = Non signiicant; α = Stan≤ar≤ ≤≥viation
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was ≤iarrho≥a which was r≥port≥≤ by 8′.′% of th≥ 
≤airy farms follow≥≤ by ≥n≤oparasit≥ inf≥station 
(8İ%),  ≥ctoparasit≥  inf≥station  (78.9%),  naval  ill 
(66.7%)  an≤  pn≥umonia  in  calv≥s  (′6.7%).  Calf 
mortality was foun≤ as 8% an≤ 7% r≥sp≥ctiv≥ly for 
HYI an≤ CI syst≥m.

Primary h≥alth car≥
A total of ″ı% farm≥rs us≥≤ anth≥lmintics 

≤rug  for  int≥rnal  parasit≥  for  buffalo  but  ′″% 
farm≥rs follow≥≤ vaccination practic≥ un≤≥r 
HYI syst≥m. In CI syst≥m farm≥rs w≥r≥ us≥≤ for 
controlling both ≥xt≥rnal an≤ int≥rnal parasit≥. 
V≥rmic inj≥ction which intro≤uc≥≤ two tim≥s in a 
y≥ar  (ı  ml/4İ  kg  bo≤y  w≥ight).  D≥worming  ≤rug 
was us≥≤ for all typ≥ of int≥rnal parasit≥. Vaccin≥ 
was us≥≤ for HS an≤ FMD un≤≥r CI syst≥m

Economics of buffalo farming
Y≥arly ≥xp≥n≤itur≥, gross incom≥ an≤ n≥t 

incom≥ w≥r≥ BDT ı4İİİİ, BDT ′İİİİİ an≤ BDT 
6İİİİ  r≥sp≥ctiv≥ly  an≤  y≥arly  B≥n≥it  Cost  Ratio 
(BCR)  was  foun≤  as  ı.″″  for  in  HYI  syst≥m.  On 
th≥ contrary, y≥arly ≥xp≥n≤itur≥, gross incom≥ 
an≤ n≥t incom≥ w≥r≥ BDT 9688ıİ, BDT ı′′İ5′5 
an≤ BDT ′5ı7ı5 r≥sp≥ctiv≥ly in CI syst≥m farm. 
Y≥arly  B≥n≥it  Cost  Ratio  (BCR)  was  foun≤  as 
ı.′5.  Mor≥ov≥r  total  r≥maining  ass≥ts  w≥r≥  BDT 
ıİ6İİİİ  which  r≥pr≥s≥nts  of  pr≥s≥nt  valu≥  of 
buffalo h≥r≤ of CI syst≥m (Tabl≥ 8). Hasan ≥t 
al., ′İı6 foun≤ that buffalo r≥aring in th≥ coastal 
ar≥as of Bangla≤≥sh was highly proitabl≥ that was 
crucial  pathway  for  pov≥rty  all≥viation.  Rahman 
≥t al.,  ′İİ8  stat≥≤  that  th≥  b≥n≥it  cost  ratio  was 
ı.″ı, in≤icating that buffalo r≥aring was proitabl≥ 
in Bangla≤≥sh which is agr≥≥≤ with th≥ in≤ings of 
Islam ≥t al.,  ′İı7;  Si≤≤iqu≥ ≥t al., ′İı7  an≤  also 
support to pr≥s≥nt stu≤y. 

Probl≥ms associat≥≤ with ≤airy buffalo 
pro≤uction

Accor≤ing to farm≥r r≥action t≥n b≥llow 
probl≥ms  ha≤  b≥≥n  i≤≥ntii≥≤  for  milking  buffalo 
pro≤uction syst≥m r≥sult≥≤ r≥ason for ≤≥cr≥asing 
buffalo population.

Shortag≥ of f≥≥≤s an≤ fo≤≤≥r
Lack  of  f≥≥≤  an≤  fo≤≤≥rs  at  January  to 

F≥bruary  as  ≤uring  this  tim≥  th≥r≥  was  no  f≥llow 
lan≤ for grassing. Th≥ situation of pastur≥ lan≤ 
was aggravat≥≤ ≤ay by ≤ay b≥caus≥ of crops w≥r≥ 
occupi≥≤ most of th≥ lan≤ in thos≥ ar≥as. Maiz≥ was 
cultivat≥≤ most of th≥ lan≤ for grain pro≤uction but 
th≥y coul≤ not f≥≤ maiz≥ l≥af to th≥ir animal ≤u≥ to 
lack of awar≥n≥ss.

High pric≥ of f≥≥≤
High cost of conc≥ntrat≥ f≥≥≤ of animal. 

Farm≥r coul≤ not provi≤≥ balanc≥ f≥≥≤ ≤u≥ to high 
pric≥ of f≥≥≤s. 

Low milk pric≥
Most of th≥ farm≥rs ≤i≤ not g≥t goo≤ 

pric≥ of milk (″İ to 4İBDT). In som≥ cas≥s a f≥w 
numb≥r of farm≥r g≥t goo≤ pric≥ (BDT 5İ to 5′) 
wh≥r≥ milkman coll≥cts milk from s≥v≥ral farm≥rs 
an≤ sol≤ to ≤istrict l≥v≥l sw≥at m≥at shop.

High t≥mp≥ratur≥
High t≥mp≥ratur≥ was a hin≤ranc≥ for 

buffalo r≥aring. T≥mp≥ratur≥ was gra≤ually 
incr≥as≥≤ an≤ r≥≤ucing wat≥r sourc≥. During 
high  t≥mp≥ratur≥;  buffalo  coul≤  not  to  tak≥  f≥≥≤ 
as r≥quir≥≤ an≤ abortion might b≥ happ≥n if not 
show≥ring prop≥rly ≤on≥ ≤uring hot summ≥r 
s≥ason. 
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D≥cr≥as≥ of buffalo ploughing
On≥ ≤≥ca≤≥ ago, lan≤ was cultivat≥≤ by 

buffalo ploughing but now ≤ay it is ≤on≥ by pow≥r 
till≥r.

Limit≥≤ br≥≥≤≥r bull
F≥w  numb≥r  of  br≥≥≤≥r  bull  was  main 

hin≤ranc≥  to  br≥≤  th≥  buffalo.  Farm≥r  coul≤  not 
r≥ach to bull station to br≥≥≤ th≥ buffalo cow in 
tim≥. 

Lak≥ of AI work≥rs an≤ ina≤≥quat≥ quality 
s≥m≥n

Artiicial Ins≥mination (AI) faciliti≥s w≥r≥ 
not availabl≥, ≥v≥n y≥t not populariz≥≤ b≥caus≥ of 
insufici≥nt  AI  work≥r  as  w≥ll  as  unavailabl≥  of 
buffalo s≥m≥n an≤ low conc≥ption rat≥.

Lack of inancial institut≥s
Th≥r≥ was NGO ofic≥ but ≤i≤ not provision 

to ≤isburs≥ cr≥≤it to purchas≥ buffalo. 

Lack of cow boy
Now  a  ≤ay  cow  boy  was  not  foun≤  as 

b≥for≥. Labor ≤i≤ not want≥≤ to work in buffalo 
farm as a cow boy ≤u≥ to opportuniti≥s of s≥v≥ral 
jobs.

Ina≤≥quat≥ knowl≥≤g≥ for buffalo r≥aring
Gov≥rnm≥nt/  NGOs/  privat≥  s≥ctor  ≤i≤ 

not provi≤≥ still training or awar≥n≥ss program 
on  Buffalo  r≥aring.Probl≥m  matrix  r≥pr≥s≥nt≥≤ 
total scor≥ an≤ p≥rc≥ntag≥ of scor≥ to ass≥ss ≤airy 
buffalo-≤≥riv≥≤  probl≥ms  illustrat≥≤  in  Tabl≥  9. 
Th≥ top thr≥≥ probl≥ms w≥r≥ foun≤ “ina≤≥quat≥ 
knowl≥≤g≥ for buffalo r≥aring/no training faciliti≥s 
on  buffalo  farming”,  ‘‘high  pric≥  of  f≥≥≤’’  an≤ 
“low milk pric≥” which w≥r≥ rank≥≤ as ı, ′ an≤ ″. 
Shortag≥ of f≥≥≤s an≤ fo≤≤≥r, high t≥mp≥ratur≥ an≤ 
lack of cow boy w≥r≥ rank≥≤ as 4, 5 an≤ 6. Limit≥≤ 
br≥≥≤≥r bull, lak≥ of AI work≥rs an≤ ina≤≥quat≥ 
quality  s≥m≥n  an≤  lack  of  inancial  faciliti≥s  as 
cr≥≤it w≥r≥ rank≥≤ for 7. D≥cr≥as≥ of buffalo 
ploughing shown as 8 (Tabl≥ 9).

Tabl≥ 9. Probl≥m matrix for ass≥ssing ≤airy buffalo-≤≥riv≥≤ probl≥ms.
Nam≥ of th≥ probl≥m % of th≥ scor≥ Rank≥≤ or≤≥r

Ina≤≥quat≥ knowl≥≤g≥ for buffalo r≥aring/no training faciliti≥s 
on buffalo farming ı8 ı
High pric≥ of f≥≥≤ ı5 ′
Low milk pric≥ ı4 ″
Shortag≥ of f≥≥≤s an≤ fo≤≤≥r ıı 4
High t≥mp≥ratur≥                                                                         ıİ 5
Lack of cow boy 9 6
Limit≥≤ br≥≥≤≥r bull 7 7
Lack of AI work≥rs an≤ ina≤≥quat≥ quality s≥m≥n 7 7
Lack of inancial faciliti≥s as cr≥≤it 7 7
D≥cr≥as≥ of buffalo ploughing 4 8

- ıİİ -
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CONCLUSION

Social an≤ t≥chnological transformation 
can boost up th≥ milk pro≤uction from this sp≥ci≥s. 
D≥v≥lopm≥nt of manag≥m≥nt practis≥ along g≥n≥tic 
improv≥m≥nt an≤ policy int≥rv≥ntion coul≤ b≥ 
≥nhanc≥≤ th≥ pro≤uctivity of buffalo an≤ it woul≤ 
b≥ contribut≥ signiicantly in national ≥conomy.
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ABSTRACT

Th≥ curr≥nt stu≤y was con≤uct≥≤ to in≤ out 
th≥ factors aff≥cting to swamp buffalo pro≤uction 
in Songkhram w≥t lan≤ ar≥a (consisting of ″ 
≤istricts: Si Songkhram, Tha Uth≥n, an≤ Na Wa 
Districts), Nakhon Phanom provinc≥, Thailan≤. 
Th≥ ≤ata w≥r≥ coll≥ct≥≤ from ″7İ farm≥rs an≤ 
analyz≥≤ by using Chi-squar≥ to t≥st association 
of th≥ stu≤i≥≤ factors b≥tw≥≥n farm groups (Group 
ı: farm≥rs who pro≤uc≥≤ th≥ swamp for fancy 
buffalo≥s an≤ showing, an≤ Group ′: farm≥rs who 
pro≤uc≥≤ th≥ buffalo≥s for pow≥r work an≤ m≥at 
pro≤uction) in th≥ stu≤y population. Th≥ r≥sults 
show≥≤ that many factors that aff≥ct≥≤ to buffalo 
pro≤uction, such as sourc≥ of knowl≥≤g≥ us≥≤ for 
buffalo pro≤uction, patt≥rns of buffalo pro≤uction, 
kin≤s of lan≤, obj≥ctiv≥s for buffalo pro≤uction, 
r≥cor≤ k≥≥ping, typ≥s of roughag≥, p≥rson who 
sugg≥st to s≥l≥ct buffalo, mating syst≥ms, changing 
sir≥, information for consi≤≥ring for r≥plac≥m≥nt 
≤ams  s≥l≥ction,  ag≥  at  irst  mating,  an≤  probl≥m 
an≤ obstacl≥ r≥lat≥≤ to th≥ achi≥v≥m≥nt of swamp 
buffalo pro≤uction (P<İ.İı) ≥xc≥pt≥≤ for g≥n≤≥r 
of farm≥rs, ≥≤ucational l≥v≥l an≤ typ≥ of labor 
for buffalo pro≤uction (P>İ.İ5). This information 
impli≥≤ th≥ n≥≥≤ of incr≥asing ≥fici≥ncy of buffalo 

pro≤uction, an≤ also improv≥m≥nt of knowl≥≤g≥, 
un≤≥rstan≤ing an≤ chanc≥ in sir≥ s≥l≥ction of th≥ 
farm≥rs.

K≥ywor≤s: Bubalus bubalis, buffalo, buffalo 
pro≤uction, Songkhram w≥t lan≤, Nakhon Phanom, 
Thailan≤

INTRODUCTION

Nakhon Phanom provinc≥ was rank≥≤ 
as th≥ sixth bigg≥st provinc≥ in Thailan≤ for 
buffalo pro≤uction (account≥≤ for 5.İ9% of th≥ 
whol≥ country, 6.97% of north ≥ast≥rn Thailan≤ 
an≤ ı8.″′% in t≥rm of lan≤ ar≥a (D≥partm≥nt of 
Liv≥stock D≥v≥lopm≥nt, ′İı7). In anoth≥r r≥port 
by th≥ D≥partm≥nt of Liv≥stock D≥v≥lopm≥nt 
(′İı6), Nakorn Phanom own≥≤ proximat≥ly 6′,8İİ 
buffalo≥s an≤ most of th≥ buffalo farms locat≥≤ 
along th≥ Songkram riv≥r, of which Si Songkhram 
≤istrict was l≥a≤≥r with th≥ larg≥st numb≥r of 
buffalo≥s with ıı,857 h≥a≤s (7.İ buffalo≥s p≥r 
family av≥rag≥ly), follow≥≤ by Na Wa an≤ Muang 
≤istricts with 7,8İİ an≤ ″,7İİ buffalo r≥sp≥ctiv≥ly. 
Having abun≤anc≥ of wat≥r with a larg≥ ar≥a of w≥t 
lan≤ was an a≤vantag≥ for th≥ buffalo pro≤uction 

FACTORS AFFECTING SWAMP BUFFALO PRODUCTION IN SONGKHRAM WET LAND, 
NAKHON PHANOM PROVINCE, THAILAND

Suphawa≤≥≥ Ya≥mkongı,*, Mattan≥≥ya Sarakul′ an≤ Tuan Nguy≥n Ngoc″

ıAnimal Sci≥nc≥ Program, Faculty of Foo≤ an≤ Agricultur≥ T≥chnology, Pibulsongkram Rajabhat Univ≥rsity, 
Phitsanulok≥, Thailan≤, *E-mail: suphayaku@hotmail.com
′D≥partm≥nt of Animal Sci≥nc≥, Faculty of Agricultur≥ an≤ T≥chnology, Nakhon Phanom Univ≥rsity, Nakhon 
Phanom, Thailan≤
″Faculty of Fish≥ri≥s, Vi≥tnam National Univ≥rsity of Agricultur≥, Hanoi, Vi≥tnam

Original Articl≥

mailto:suphayaku@hotmail.com


Buffalo Bull≥tin (January-March ′İı9) Vol.″8 No.ı

ıİİ

in th≥ r≥gion. Th≥ original sourc≥ of wat≥r is from 
th≥ Poopan Mountain in Nonghan ≤istrict which 
is locat≥≤ in U≤on Thani povinc≥. Th≥ riv≥r lows 
through Sakon Nakorn an≤ Nong Khai an≤ th≥n 
th≥ riv≥r trac≥s its way back to th≥ ≥ast an≤ lows 
into Nakhon Phanom Provinc≥ in th≥ ar≥as stat≥≤ 
abov≥ an≤ b≥com≥s th≥ Songkram riv≥r at Na Wa 
an≤ Songkram ≤istricts b≥for≥ it go≥s ≤own to th≥ 
M≥kong riv≥r at Chai Buri sub-≤istrict, Tha Uth≥n 
≤istrict (Nakhon Phanom Provinc≥ ofic≥, ′İı6). 

Accor≤ing to Sarakul ≥t al. (′İı6), who 
carri≥≤ out a stu≤y in th≥ sam≥ ar≥a an≤ r≥port≥≤ 
that n≥arly 8İ.İİ% of farm≥rs rais≥≤ buffalo as 
sourc≥ of pow≥r for work. How≥v≥r, incom≥ from 
buffalo pro≤uction was rank≥≤ as th≥ s≥con≤ 
important sourc≥ for 67.″İ% of farm≥rs in th≥ 
r≥gion, aft≥r ric≥ cultivation. Ev≥n though buffalo 
pro≤uction was on≥ of main activiti≥s for farm≥rs 
in  th≥  r≥gion,  it  was  still  facing  many  ≤ificulti≥s 
which can inlu≥nc≥ to numb≥r of buffalos, r≥v≥nu≥ 
an≤ incom≥ of farm≥rs such as knowl≥≤g≥, attitu≤≥ 
of farm≥rs an≤ local v≥t≥rinary s≥rvic≥s. This stu≤y 
was con≤uct≥≤ in or≤≥r to ≥xplor≥ an≤ classify th≥ 
factors that aff≥cting buffalo swamp pro≤uction in 
Songkhram w≥t lan≤, Nakhon Phanom provinc≥, 
Thailan≤, supporting to buil≤ up a gui≤≥lin≥ 
for maint≥nanc≥ an≤ ≤≥v≥lopm≥nt of buffalo 
pro≤uction in th≥ r≥gion.

MATERIALS AND METHODS

Population, sampling an≤ stu≤y ar≥a of ≤atas≥t
In curr≥nt stu≤y, ≤ata was coll≥ct≥≤ by using 

th≥ surv≥y r≥s≥arch m≥tho≤. Th≥ tools in gath≥ring 
th≥ ≤ata w≥r≥ th≥ qu≥stionnair≥s an≤ int≥rvi≥ws from 
Nov≥mb≥r ′İı4 to July ′İı5. In-≤≥pth stu≤y was 
appli≥≤ along with i≥l≤ stu≤i≥s. Th≥ ar≥as focus≥≤ 
for th≥ information w≥r≥ ″ ≤istricts locat≥≤ aroun≤ 

th≥ Songkram riv≥r. Each ≤istrict was sub≤ivi≤≥≤ 
into thr≥≥ sub-≤istricts (9 sub-≤istricts in total). In 
Si Songkram ≤istrict th≥ ar≥as focus≥≤ w≥r≥ Ban 
Uang, Na≤ua, an≤ Sampong sub-≤istricts. For Tha 
Uth≥n ≤istrict th≥r≥ w≥r≥ Na Wa, Row Pattana 
an≤ Ta Ru≥ sub-≤istricts. In Na Wa ≤istricts, th≥ 
ar≥as cov≥r≥≤ Ta Jampa, Panom an≤ Ramrat sub-
≤istricts at Nakhon Phanom provinc≥, Thailan≤. 
Thr≥≥ hun≤r≥≤ an≤ s≥v≥nty farm≥rs w≥r≥ obtain≥≤ 
by th≥ purposiv≥ sampling. Th≥ farm≥r sampl≥s 
w≥r≥ cat≥goriz≥≤ into two groups by th≥ purpos≥s 
of th≥ buffalo pro≤uction: Group ı was th≥ farm≥rs 
focus≥≤ in fancy buffalo an≤ shows wh≥r≥as p≥opl≥ 
in Group ′ aim≥≤ to gain th≥ ≤raught buffalo an≤ 
m≥at pro≤uction.

Statistical analysis
 Data  in th≥  stu≤y  was  classii≥≤  to  4 
catalogu≥s. ı) Farm≥r’s p≥rsonal information 
consist≥≤ of g≥n≤≥r of farm≥r, ≥≤ucational l≥v≥l 
(no ≥≤ucation, primary school, high school, 
an≤ bach≥lor ≤≥gr≥≥), typ≥ of labor (family an≤ 
hir≥≤ p≥opl≥), an≤ sourc≥ of knowl≥≤g≥ an≤ 
information us≥≤ for buffalo pro≤uction (book 
an≤ magazin≥, s≥minar an≤ training, from oth≥r 
farm≥rs  an≤  gov≥rnm≥ntal  ofic≥rs).  ′)  factor  of 
buffalo  pro≤uction  an≤  manag≥m≥nt  was  ≤≥in≥≤ 
as patt≥rns of buffalo pro≤uction (roun≤≥≤ up th≥ 
h≥r≤, ti≥≤ up with housing, rais≥≤ in wall roun≤ 
stall, an≤ cut an≤ carri≥s fr≥sh grass≥s or ric≥ straw 
to th≥ir housing), kin≤s of lan≤ (lan≤ b≥longs to 
th≥ms≥lv≥s, lan≤ from r≥nt an≤ lan≤ from public), 
obj≥ctiv≥s for buffalo pro≤uction (pro≤uc≥ calv≥s 
for s≥lling, for fancy an≤ valu≥ a≤≤≥≤, for f≥rtiliz≥r 
an≤ for as th≥ h≥ritag≥), r≥cor≤ k≥≥ping (no k≥pt 
r≥cor≤, som≥tim≥s k≥pt r≥cor≤, an≤ k≥pt r≥cor≤), 
an≤ typ≥s of roughag≥ (fr≥sh grass≥s an≤ ric≥ straw). 
″) factor of ≤≥cision making on s≥l≥ction was 
classii≥≤ as p≥rson who sugg≥st to s≥l≥ct buffalo 
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(farm≥rs th≥ms≥lv≥s, l≥ctur≥s, farm p≥rsonn≥l, 
gov≥rnm≥nt  oficials,  an≤  h≥a≤  of  group),  mating 
syst≥ms  (natural  mating,  artiicial  ins≥mination, 
an≤ both natural mating an≤ artiicial ins≥mination), 
changing sir≥ (no changing sir≥ an≤ changing sir≥), 
information for consi≤≥ring r≥plac≥m≥nt ≤ams 
s≥l≥ction (no s≥l≥ction, ph≥notyp≥ charact≥ristics, 
p≥≤igr≥≥ of sir≥ an≤ ≤am, an≤ f≥rtility of buffalo), 
an≤  ag≥  at  irst  mating  (l≥ss  than  ′′  months,  ′′ 
to ′4 months, ′5 to ′7 months, an≤ mor≥ than ′7 
months). 4) factor that r≥lat≥≤ with th≥ probl≥m 
an≤ obstacl≥ of buffalo pro≤uction (lack of ar≥a 
for buffalo pro≤uction, lack of fr≥sh grass≥s an≤ 
ric≥ straw, lack of labor for buffalo pro≤uction, 
lack of knowl≥≤g≥ to pro≤uc≥ buffalo pro≤uction, 
lack of knowl≥≤g≥ to s≥l≥ct sir≥ an≤ ≤am, an≤ 
r≥pro≤uctiv≥ an≤ ≤is≥as≥ probl≥m). All this 
information was analyz≥≤ to ≥valuat≥ th≥ ≥ff≥cts on 
buffalo pro≤uction b≥tw≥≥n two groups of farm≥rs 
(Group ı who rais≥≤ buffalo as fancy buffalo an≤ 
shows, an≤ Group ′ who rais≥≤ buffalo for ≤raught 
an≤ m≥at pro≤uction). L≥ast squar≥ m≥ans of th≥ 
stu≤i≥≤ traits w≥r≥ ≥stimat≥≤ by th≥ consi≤≥ring 
factors, an≤ th≥n w≥r≥ compar≥≤ using a chi-squar≥ 
t≥st, at an a = İ.İ5.

RESULTS AND DISCUSSION

Farm≥r’s p≥rsonal information
Factors of farm≥rs’ charact≥ristics w≥r≥ 

g≥n≤≥r, ≥≤ucation l≥v≥l, typ≥ of labor an≤ sourc≥ of 
knowl≥≤g≥ us≥≤ for buffalo pro≤uction. It coul≤ b≥ 
classii≥≤ th≥ purpos≥s of raising buffalo into two 
≤iff≥r≥nt groups: Group ı, th≥ group of farm≥rs 
who pro≤uc≥≤ th≥ swamp for fancy buffalo≥s an≤ 
showing (account≥≤ for ′İ.′7%); an≤ Group ′, who 
pro≤uc≥≤ th≥ buffalo≥s for pow≥r work an≤ m≥at 
pro≤uction (79.7″%). It was int≥r≥sting to in≤ that 

sourc≥s of knowl≥≤g≥ w≥r≥ signiicantly important 
(P<İ.İı), but g≥n≤≥r, ≥≤ucation l≥v≥l an≤ typ≥ of 
labor ≤i≤ not strongly r≥lat≥ to achi≥v≥m≥nts of 
buffalo pro≤uction (P>İ.İ5). Th≥ r≥sults show≥≤ 
that swamp buffalo pro≤uction ≤≥p≥n≤≥≤ on sourc≥s 
of knowl≥≤g≥ appli≥≤ to buffalo pro≤uction. In th≥ 
Group ı, half of th≥ farm≥rs obtain≥≤ knowl≥≤g≥ 
from s≥minars an≤ training (5İ.İİ%), follow≥≤ by 
l≥arning from oth≥r farm≥rs (48.İİ%). Th≥r≥ w≥r≥ 
only ′.İİ% of farm≥rs in this group who r≥c≥iv≥≤ 
knowl≥≤g≥  from  gov≥rnm≥ntal  ofic≥rs,  an≤  book 
an≤ magazin≥. On th≥ oth≥r han≤s, most farm≥rs 
who rais≥≤ th≥ir buffalo≥s as ≤raught buffalo an≤ 
m≥at pro≤uction obtain≥≤ knowl≥≤g≥ from oth≥r 
farm≥rs (64.İİ%), follow≥≤ by from gov≥rnm≥ntal 
ofic≥rs  (″′.İİ%),  book  an≤  magazin≥  (′.İİ%), 
an≤ s≥minar/training of th≥ buffalo≥s (′.İİ%). 

This in≤icat≥≤ that th≥ farm≥rs in Group ı 
coul≤ activ≥ly r≥c≥iv≥ knowl≥≤g≥ an≤ practic≥ as 
b≥ing l≥ant from s≥minar an≤ training. This was 
≤iff≥r≥nt from farm≥rs in Group ′, who r≥c≥iv≥≤ 
th≥ s≥con≤ary information from oth≥r farm≥rs 
mostly an≤ was not abl≥ to ≥arn th≥ knowl≥≤g≥ 
p≥rsonally. This may l≥a≤ to th≥ inability to apply 
th≥ knowl≥≤g≥ in practic≥ ≤ir≥ctly. For farm≥rs 
in th≥ Group ı, to b≥com≥ a fancy buffalo for 
shows, th≥ animal n≥≥≤s to m≥≥t many sp≥cial 
r≥quir≥m≥nts on ph≥notyp≥ as w≥ll as b≥havior an≤ 
g≥n≥tic charact≥ristics. Thus, th≥ buffalo was not 
only high valuabl≥, but also was th≥ir hobby an≤ 
conc≥rn. This can ≥xplain why farm≥rs in this group 
pai≤ mor≥ att≥ntion to th≥ir pro≤ucts, motivat≥≤ in 
accumulation of n≥w knowl≥≤g≥ an≤ willing to 
sp≥n≤ mor≥ for any innovation (Suhachavalit ≥t 
al., ′İı″; Ya≥mkong ≥t al., ′İı7). How≥v≥r, in th≥ 
past, all farm≥rs rais≥≤ buffalo ≥ith≥r as a sourc≥ 
of pow≥r work for agricultural activiti≥s or sourc≥ 
of m≥at for human. Sinc≥ m≥chanism growing 
an≤ incr≥asing ≤≥man≤ of human for cultural an≤ 
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social ≥nt≥rtainm≥nt, th≥y ≤≥p≥n≤ l≥ss on animal 
pow≥r an≤ l≥a≤ to th≥ incr≥asing proportion of 
buffalo for shows. Th≥ ≤iff≥r≥nc≥s of pro≤uctiv≥ 
purpos≥ r≥sult≥≤ in ≤iff≥r≥nc≥s of farm≥r’s attitu≤≥, 
int≥r≥sts, an≤ b≥havior in buffalo pro≤uction 
(Chantalakhana, ı99ı an≤ ı994; Bunyav≥jch≥win, 
ı995).

Buffalo farming pro≤uction an≤ manag≥m≥nt
Among all th≥ factors, patt≥rns of buffalo 

pro≤uction, kin≤s of lan≤, th≥ obj≥ctiv≥s of buffalo 
pro≤uction, r≥cor≤ k≥≥ping an≤ typ≥s of roughag≥ 
that  w≥r≥  r≥lat≥≤  signiicantly  to  th≥  achi≥v≥m≥nt 
of buffalo pro≤uction in th≥ r≥gion for both groups 
(P<İ.İı). Th≥ stu≤y also foun≤ th≥ ≤iff≥r≥nc≥s of 
patt≥rns us≥≤ for buffalo pro≤uction, kin≤s of lan≤, 
obj≥ctiv≥s for raising buffalo, r≥cor≤ k≥≥ping, an≤ 
typ≥s of roughag≥ b≥tw≥≥n two groups. 

Most of farm≥rs in th≥ Group ı (5ı.İİ%) 
cut fr≥sh grass≥s or ric≥ straw an≤ carri≥s th≥m 
to f≥≥≤ th≥ir buffalo≥s which w≥r≥ k≥pt in cag≥. 
Proximat≥ly (′7.İİ%) of th≥m rais≥≤ in wall 
roun≤ wh≥r≥as th≥ oth≥rs stall buffalo roun≤≥≤ 
up th≥ h≥r≤ (ı6.İİ%) an≤ ti≥≤ up with housing 
(6.İİ%). Th≥s≥ farm≥rs mainly us≥≤ th≥ir own 
lan≤ for buffalo raising (57.İİ%), whil≥ 4İ.İİ% 
of farm≥rs us≥≤ public lan≤ for raising buffalo an≤ 
th≥ oth≥rs (″.İİ%) ha≤ to r≥nt lan≤ to rais≥ th≥ir 
buffalo≥s. In opposit≥, only 4.İİ% of farm≥rs in 
th≥ Group ′ cut an≤ carri≥s fr≥sh grass≥s or ric≥ 
straw for th≥ir buffalo≥s. Most of th≥m (55.İİ%) 
k≥pt th≥ir animals roun≤≥≤ up th≥ h≥r≤, follow≥≤ 
by ti≥≤ up with housing (′8.İİ%), an≤ th≥ oth≥rs 
rais≥≤ buffalo in wall roun≤ stall (ı″.İİ%). This 
group of farm≥rs also r≥li≥≤ mor≥ on public lan≤ 
with 5″.İİ% of surv≥y≥≤ farm≥rs oft≥n r≥l≥as≥ th≥ 
animals to public lan≤. Only ″′.İİ% of th≥m us≥≤ 
th≥ir own lan≤ for buffalo an≤ th≥ r≥main (ı5.İİ%) 
n≥≥≤≥≤ to r≥nt lan≤ for th≥ir animals. 

To maintain th≥ farm, most of farm≥rs in th≥ 
Group ı (57.İİ%) stat≥≤ that th≥y coul≤ pro≤uc≥ 
calv≥s for s≥lling an≤ got a≤≤≥≤ valu≥ from fancy 
buffalo to g≥n≥rat≥ incom≥. B≥si≤≥s, th≥y coul≤ 
g≥t  b≥n≥it  from  this  activity  by  using  manur≥  as 
f≥rtiliz≥r for plantation (′5.İİ%) an≤ th≥ oth≥r 
raising buffalo as th≥ way of cultural cons≥rvation 
an≤ h≥ritag≥ for th≥ir ≤≥sc≥n≤ant (ı8.İİ%). In th≥ 
contrast, only ′9.İİ% of farm≥rs in th≥ Group ′ 
coul≤ ≥arn mon≥y from s≥lling calv≥s. B≥si≤≥s 
of using buffalo as working pow≥r, most of th≥m 
consi≤≥r≥≤ raising buffalo for coll≥cting f≥rtiliz≥r 
(55.İİ%) wh≥r≥as th≥ oth≥rs consi≤≥r≥≤ this 
activity conc≥rning to cultural cons≥rvation an≤ 
h≥ritag≥ (ı6.İİ%). Th≥ r≥sult from Group ′ agr≥≥≤ 
with thos≥ from Sapanan ≥t al. (′İı″) who r≥port≥≤ 
that th≥ main obj≥ctiv≥s of raising buffalo w≥r≥ 
utilizing of buffalo’s manur≥ (″8.İİ%), s≥lling 
th≥ir animals (″5.′İ%) or maintaining th≥ activity 
from th≥ir par≥nt (′6.8İ%). 

Th≥ numb≥r of farm≥rs k≥≥ping farm 
r≥cor≤ was low in Group ı. th≥ r≥sults show≥≤ that 
6İ.İİ% of farm≥rs ≤i≤ not k≥≥p th≥ r≥cor≤s, ′5.İİ% 
of th≥m som≥tim≥s k≥≥p it an≤ only ı5.İİ% of 
th≥m always ≤i≤. In th≥ contrast, most of farm≥rs in 
th≥ Group ′ (9′.İİ%) always k≥pt th≥ farm r≥cor≤, 
7.İİ% k≥pt it som≥tim≥s an≤ only ı.İİ% n≥v≥r ≤i≤ 
it. Although th≥ valu≥ of buffalo in th≥ Group ′ 
was low≥r than that of Group ı, farm≥rs in Group 
′ pai≤ mor≥ att≥ntion for k≥≥ping r≥cor≤. Buffalo 
s≥≥m≥≤ to b≥ mor≥ important for this group of 
farm≥rs wh≥n mor≥ p≥opl≥ r≥aliz≥≤ th≥ n≥c≥ssary 
of this habit. Probably, it was not only b≥caus≥ of 
th≥y w≥r≥ poor≥r, th≥y w≥r≥ also a tool for th≥m to 
maintaining th≥ agricultural farm (ric≥ cultivation 
an≤ pow≥r for transportation on th≥ i≥l≤).

Th≥ r≥sults of th≥ stu≤y also foun≤ that 
farm≥rs in th≥ Group ı us≥≤ mostly roughag≥ as 
fr≥sh grass (account≥≤ for 8ı.İİ%) an≤ r≥main 
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us≥≤ ric≥ straw (ı9.İİ%). As cons≥qu≥nt, farm≥rs 
sp≥nt mor≥ tim≥ to ≥ith≥r grow or coll≥ct grass for 
th≥ir buffalo in or≤≥r to s≥rv≥ th≥m b≥tt≥r foo≤. 
In contrast for farm≥rs in Group ′, th≥ numb≥r of 
farm≥rs us≥≤ fr≥sh grass an≤ ric≥ straw s≥≥m≥≤ to 
b≥ ≥qual (48.İİ an≤ 5′.İİ% r≥sp≥ctiv≥ly for fr≥sh 
grass≥s an≤ ric≥ straw). It in≤icat≥≤ that farm≥rs in 
Group ′ ≤i≤ not car≥ much for th≥ typ≥ of roughag≥ 
us≥≤ for th≥ir buffalo. 

D≥cision making in br≥≥≤ing s≥l≥ction 
Factors of ≤≥cision making on s≥l≥ction 

w≥r≥ ≤≥t≥rmin≥≤ by p≥rson who ≤≥ci≤≥≤ or strongly 
inlu≥nc≥≤ to th≥ ≤≥cision to s≥l≥ct buffalo, mating 
syst≥ms, changing sir≥, information for consi≤≥ring 
r≥plac≥m≥nt ≤ams s≥l≥ction, an≤ irst mating ag≥. 
All  of  th≥s≥  factors  w≥r≥  r≥lat≥≤  signiicantly  to 
th≥ achi≥v≥m≥nt in buffalo pro≤uction of farm≥rs 
(P<İ.İı). In th≥ Group ı, almost half of th≥ farm≥rs 
(48.İİ%)  n≥≥≤  h≥lp  from  gov≥rnm≥ntal  ofic≥rs 
to s≥l≥ct sir≥, 4ı.İİ% of th≥m consult≥≤ from 
n≥ighbor farm≥rs, th≥ oth≥rs look≥≤ for h≥lp from 
l≥ctur≥rs (8.İİ%), an≤ mat≥rials th≥ h≥a≤ of Group 
(″.İİ%). In contrast, most farm≥rs in th≥ Group 
′, 9.İİ% of th≥ farm≥rs coul≤ giv≥ ≤≥cision by 
th≥ms≥lv≥s in s≥l≥ction of buffalo. Most of th≥m 
g≥t consult from oth≥r farm≥rs (56.İİ%), from 
gov≥rnm≥ntal ofic≥rs (′5.İİ%) an≤ from h≥a≤ of 
group (ıİ.İİ%). Farm≥rs of both groups primarily 
us≥≤ natural mating (64.İİ an≤ 87.İİ%), follow≥≤ 
by both natural mating an≤ artiicial ins≥mination 
(′İ.İİ  an≤  8.İİ%),  an≤  artiicial  ins≥mination 
within th≥ir farms (ı6.İİ an≤ 5.İİ%, r≥sp≥ctiv≥ly 
for Group ı an≤ ′). All of farm≥rs in th≥ Group ı 
fr≥qu≥ntly chang≥≤ sir≥ to mat≥ th≥ir ≤am wh≥r≥as 
″5.İİ% of farm≥rs in th≥ Group ′ chang≥≤ sir≥ but 
within th≥ir farms, th≥ r≥main (65.İİ%) hav≥ n≥v≥r 
chang≥≤ sir≥ at all. 

In th≥ factor information for consi≤≥ration 

of ≤am r≥plac≥m≥nt, 6İ.İİ% of farm≥rs in both 
groups consi≤≥r≥≤ ph≥notyp≥ charact≥ristics 
as a param≥t≥r to ≤≥ci≤≥ r≥plac≥m≥nt of ≤ams. 
How≥v≥r, ″′.İİ% of farm≥rs in Group ı an≤ 
ı6.İİ% farm≥rs in Group ′ consi≤≥r≥≤ f≥rtility of 
buffalo as in≤icator to r≥plac≥ ≤ams. 

Th≥ majority of farm≥rs in th≥ Group ı 
(54.İİ%) stat≥≤ that th≥ir buffalo got th≥ irst mating 
at th≥ ag≥ of ′5 to ′7 months wh≥r≥as 4ı.İİ% 
r≥port≥≤  that  th≥  irst  mating  of  th≥ir  buffalo  was 
mor≥ than ′7 months an≤ th≥ oth≥r r≥cor≤≥≤ for ′′ 
to ′4 months (5.İİ%). Whil≥ farm≥rs in th≥ Group 
′ r≥port≥≤ that th≥ir buffalo≥s got long≥r tim≥ for 
this param≥t≥r. Most of farm≥rs (8′.İİ%) r≥port≥≤ 
that  th≥ir  buffalo≥s  n≥≥≤≥≤  ′7  months  to  g≥t  irst 
maturity, follow≥≤ by ′5 to ′7 months (9.İİ%), 
l≥ss than ′′ months (8.İİ%) an≤ ′′-′4 months 
(ı.İİ%), r≥sp≥ctiv≥ly.

It was notic≥≤ that this group us≥≤ mal≥ 
buffalo≥s to control th≥ buffalo h≥r≤ in th≥ir farms 
but sir≥s hav≥ n≥v≥r chang≥≤. This might caus≥ 
th≥ r≥≤uction of bo≤y siz≥ in th≥ n≥xt g≥n≥ration. 
All though farm≥rs of both groups substitut≥≤ 
f≥mal≥ buffalo≥s by consi≤≥ring th≥ir ph≥notyp≥, 
th≥ h≥r≥≤ity of buffalo h≥r≤ also ≤≥p≥n≤≥≤ on 
g≥n≥alogy of animals with many g≥n≥tic param≥t≥rs 
n≥≥≤≥≤ to b≥ consi≤≥r≥≤. Furth≥rmor≥, ≥xp≥rtis≥ 
an≤ knowl≥≤g≥ with accurat≥ manipulation coul≤ 
inlu≥nc≥  also  to  th≥  succ≥ss≥s.  N≥v≥rth≥l≥ss, 
′ı.İİ% of farm≥rs n≥v≥r substitut≥≤ f≥mal≥ 
buffalo≥s in th≥ stu≤y was still high.

In anoth≥r stu≤y, Punsawat ≥t al. (′İİ7) who 
stu≤i≥≤ th≥ buffalo r≥aring in Nakhon Si Thammarat 
foun≤ that a larg≥ numb≥r of th≥ farm≥rs r≥ar≥≤ th≥ 
buffalo≥s in or≤≥r to continu≥ habits or tra≤itional 
activiti≥s from th≥ir pr≥≤≥c≥ssors. In that syst≥m, 
natural m≥tho≤ of br≥≥≤ing without s≥l≥ction of 
h≥r≥≤ity was mainly a≤opt≥≤. This t≥chniqu≥ coul≤ 
aff≥ct to th≥ siz≥ of buffalo≥s, r≥sult≥≤ in small≥r 
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siz≥ an≤ inability to off-springs (Satchaphun ≥t 
al., ′İİ5). Th≥ r≥sults in curr≥nt stu≤y agr≥≥≤ with 
anoth≥r on≥ carri≥≤ out by Sarakul (′İıİ) who 
r≥port≥≤ that th≥ l≥v≥l of ≥≤ucation, ≥xp≥ri≥nc≥s, 
labor, sourc≥ of knowl≥≤g≥, patt≥rn of r≥aring, 
f≥≥≤ an≤ th≥ ≥xp≥rts who a≤vis≥≤ for th≥ ≤≥cision 
making coul≤ aff≥ct to th≥ quality of br≥≥≤ing 
s≥l≥ction. 

Factor that r≥lat≥≤ with th≥ probl≥m an≤ 
obstacl≥ of buffalo pro≤uction 

Th≥ probl≥m an≤ obstacl≥ of buffalo 
pro≤uction was th≥ factor that inhibit th≥ 
achi≥v≥m≥nt in buffalo pro≤uction of farm≥rs 
(P<İ.İı). Th≥ r≥sults r≥v≥al≥≤ that most important 
probl≥ms an≤ obstacl≥s for farm≥rs of both groups 
w≥r≥ lack of ar≥a for buffalo pro≤uction (56.İİ% 
an≤ ″6.İİ% r≥sp≥ctiv≥ly for Group ı an≤ ′), 
follow≥≤ by lack of labor for buffalo pro≤uction 
(ı9.İİ an≤ ′′.İİ%). Lack of knowl≥≤g≥ in buffalo 
pro≤uction s≥≥m≥≤ to b≥ a probl≥matic for farm≥rs 
in th≥ r≥gion also wh≥n ı′.İİ% an≤ ıı.İİ% 
of farm≥rs in th≥ Group ı an≤ ′ stat≥≤ it. Som≥ 
farm≥rs consi≤≥r≥≤ lack of knowl≥≤g≥ to s≥l≥ct sir≥ 
an≤ ≤am (7.İİ an≤ ı′.İİ%), lack of fr≥sh grass≥s 
an≤ ric≥ straw (″.İİ an≤ ıİ.İİ%), an≤ r≥pro≤uctiv≥ 
an≤ ≤is≥as≥ probl≥m (″.İİ vs 9.İİ%), r≥sp≥ctiv≥ly. 

This r≥sult was similar to thos≥ r≥port≥≤ 
in many pr≥vious lit≥ratur≥s (Pook≤uang an≤ 
Pinyot≥ppratan, ′İİ8; Phothong ≥t al., ′İı″; 
Sapanan ≥t al., ′İı″; Jumrasboonhirun an≤ 
Akkrajun, ′İı5; Phasuk an≤ Ruangcho≥ngchum, 
′İı6). Th≥s≥ stu≤i≥s point≥≤ out that th≥ bigg≥st 
probl≥m an≤ obstacl≥ of buffalo farm≥rs was th≥ 
lack of pastur≥, forag≥ an≤ knowl≥≤g≥. This coul≤ 
b≥ occurr≥≤ b≥caus≥ th≥ lan≤ in this ar≥a was 
mainly us≥≤ for cultivation of ric≥, sugar can≥ an≤ 
cassava or rubb≥r tr≥≥ (Sarakul ≥t al., ′İı6). In th≥ 
stu≤y ar≥a, farm≥rs us≥≤ th≥ natural grass growing 

aroun≤ th≥ i≥l≤ an≤ ric≥ straw - a bypro≤uct from 
ric≥ pro≤uction as f≥≥≤ for buffalo. Som≥ farm≥rs 
coul≤ us≥ a part of th≥ir lan≤ for growing grass but 
it was not ≥nough (Phasuk an≤ Ruangcho≥ngchum, 
′İı6). How≥v≥r, sinc≥ buffalo pro≤uction was 
not th≥ major activity, th≥y coul≤ not g≥t priority 
for lan≤ us≥ that l≥≤ to lacking of pastur≥, spac≥ 
an≤ r≥sult≥≤ in th≥ lack of f≥≥≤ an≤ ina≤≥quat≥ 
of roughag≥s. Facing to this limitation, farm≥rs 
shoul≤ know how to coll≥ct, proc≥ss an≤ stor≥ 
roughag≥s for th≥ir buffalo≥s in ≤ry s≥ason. This 
point agr≥≥≤ with oth≥r stu≤i≥s by Pook≤uang an≤ 
Pinyot≥ppratan (′İİ8); Ya≥mkong ≥t al. (′İı7); 
Ya≥mkong ≥t al. (′İı8a); Ya≥mkong ≥t al. (′İı8b) 
who r≥port≥≤ that lack an≤ ina≤≥quat≥ of roughag≥s 
w≥r≥ th≥ probl≥matic for raising buffalo, b≥≥f an≤ 
≤airy cattl≥. All of th≥s≥ probl≥ms an≤ obstacl≥s 
shoul≤ b≥ sugg≥st≥≤ to gov≥rnm≥ntal authoriti≥s, 
policy mak≥rs who coul≤ support an≤ promot≥ th≥ 
≤≥v≥lopm≥nt of buffalo pro≤uction in th≥ r≥gion.

This stu≤y also illustrat≥≤ that th≥r≥ w≥r≥ 
many factors coul≤ aff≥ct to th≥ buffalo pro≤uction 
in th≥ r≥gion, in which th≥ main factor aff≥ct≥≤ to 
farm manag≥m≥nt r≥lating to th≥ knowl≥≤g≥ of 
farm≥rs was th≥ capacity in up≤ating n≥w innovation 
an≤ sourc≥s of information on buffalo pro≤uction. 
Th≥ oth≥r factors such as r≥aring m≥tho≤s, spac≥ 
an≤ f≥≥≤ as w≥ll as making ≤≥cision for br≥≥≤ing 
s≥l≥ction  also  inlu≥nc≥≤  to  buffalo  pro≤uction  in 
th≥ r≥gion. This param≥t≥r involv≥≤ to th≥ p≥rsons 
(guru’s or ≥xp≥rt’s) who a≤vis≥≤ farm≥rs t≥chniqu≥ 
in br≥≥≤ing s≥l≥ction, br≥≥≤ing m≥tho≤s, sir≥ 
s≥l≥ction an≤ wh≥n farm≥r shoul≤ chang≥ sir≥s. 
Th≥ farm≥rs in th≥ stu≤y ar≥a also sugg≥st≥≤ that 
th≥ D≥partm≥nt of Liv≥stock D≥v≥lopm≥nt shoul≤ 
provi≤≥ inancial support in t≥rms of training an≤ 
promoting sir≥ s≥l≥ction; improving public lan≤ 
for raising buffalo≥s; forag≥ pro≤uction; using 
animal for agricultur≥; an≤ using buffalo’s manur≥ 
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≥fici≥ntly.

CONCLUSION

 Th≥ conclusion for this r≥s≥arch was 
conirm≥≤  that  sourc≥  of  information  us≥≤  for 
buffalo pro≤uction, patt≥rns of buffalo pro≤uction, 
kin≤s of lan≤, th≥ obj≥ctiv≥s for buffalo pro≤uction, 
r≥cor≤ k≥≥ping, typ≥s of roughag≥, p≥rson who 
sugg≥st to s≥l≥ct buffalo, mating syst≥ms, sir≥ 
s≥l≥ction, information for consi≤≥ring r≥plac≥m≥nt 
≤ams s≥l≥ction, ag≥ at irst mating, an≤ th≥ probl≥m 
an≤ obstacl≥ of buffalo pro≤uction w≥r≥ r≥lat≥≤ to 
th≥ achi≥v≥m≥nt in swamp buffalo pro≤uction of 
farm≥rs.
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Original Articl≥

ABSTRACT

Th≥ pr≥s≥nt stu≤y was un≤≥rtak≥n (ı) 
to charact≥riz≥ th≥ fatty aci≤ (FA) composition 
particularly on th≥ conc≥ntration of conjugat≥≤ 
linol≥ic aci≤ (′) to inv≥stigat≥ of physicoch≥mical 
prop≥rti≥s of Anatolian wat≥r buffalo milk, an≤ 
from six ≤iff≥r≥nt provinc≥s in Turk≥y. Th≥ fat 
amount in wat≥r buffalo milk sampl≥s w≥r≥ in th≥ 
rang≥ of 5.97αİ.″İ% to 9.ı9αİ.57% an≤ th≥ m≥an 
fat was 6.96αİ.′5%. Th≥ main in≤ivi≤ual FA in 
wat≥r buffalo milk w≥r≥ in th≥ or≤≥r ı6:İ, ı8:ı cis-
9, ı4:İ, an≤ ı8:İ. Th≥ linol≥ic aci≤ (CLA), bovinic 
aci≤ (cis-9, trans-ıı), r≥pr≥s≥nt≥≤ ı.İ9αİ.İ6 in 
wat≥r buffalo milk. Saturat≥≤ fatty aci≤s (SFA) 
w≥r≥ th≥ pot≥nt fraction in wat≥r buffalo milk fat 
(7İ.6″αİ.7); MUFA an≤ PUFA w≥r≥ ′9.″7αİ.7 
an≤ İ.′αİ.İ″, r≥sp≥ctiv≥ly. Th≥ ≤ata ≥xhibit 
statistically ≤iff≥r≥nc≥s (P≤İ.İ5) in th≥ proportions 
of in≤ivi≤ual FA w≥r≥ ≤≥t≥ct≥≤ among ≤iff≥r≥nt 
provinc≥s in Turk≥y. Anatolian wat≥r buffalos w≥r≥ 
poor in t≥rms polyunsaturat≥≤ FA compar≥≤ to oth≥r 
wat≥r buffalos from ≤iff≥r≥nt countri≥s. Th≥r≥for≥, 
th≥s≥ r≥sults may provi≤≥ us≥ful information about 
th≥ nutri≥nt composition of buffalo milk an≤ furth≥r 
stu≤i≥s ar≥ warrant≥≤ to improv≥ th≥ t≥chnological 
an≤ nutritional charact≥ristics of Anatolian buffalo 
milk.

K≥ywor≤s:  buffalo  milk,  fatty  aci≤s,  

physicoch≥mical prop≥rti≥s, linol≥ic aci≤

INTRODUCTION

Th≥ principal sourc≥s of fat in th≥ human 
≤i≥t ar≥ visibl≥ fats an≤ oils, r≥≤ m≥ats, poultry, 
ish  an≤  ≤airy  pro≤ucts.  Fats  forms  a  larg≥  group 
of nutri≥nts, making a main compon≥nt of ≤airy 
pro≤ucts, which provi≤≥ vital compon≥nts for th≥ 
human ≤i≥t. Th≥ ≥ff≥cts of ≤i≥tary fats g≥n≥rally 
r≥l≥ct  th≥  cumulativ≥  ≥ff≥cts  of  multipl≥  fatty 
aci≤s in th≥ ≤i≥t (Chan≤ras≥kharan, ı999). Milk 
fat contains ~4İİ ≤iff≥r≥nt fatty aci≤s (FA), which 
mak≥ it th≥ most compl≥x among natural fats. 
Th≥ milk fatty aci≤s (FA) ar≥ pro≤uc≥≤ almost 
≥qually  from  two  sourc≥s,  irst  in  th≥  rum≥n  as 
a f≥≥≤ an≤ th≥ microbial activity an≤ s≥con≤ly 
in th≥ mammary glan≤ as ≤≥ novo synth≥sis in 
animals. For FA in milk, short chain fatty aci≤s 
(SCFA) (4 to 8 carbons) an≤ m≥≤ium chain fatty 
aci≤s (MCFA) (ıİ to ı4 carbons) ≤≥riv≥≤ almost 
≥xclusiv≥ly from ≤≥ novo synth≥sis, an≤ long chain 
fatty aci≤s (LCFA) (>ı6 carbons) ar≥ pro≤uc≥≤ 
from th≥ uptak≥ of circulating lipi≤s, whil≥ FA 
with ı6 carbons originat≥ from both sourc≥s (Liu 
≥t al., ′İı6). Associations b≥tw≥≥n consumption 
of fats an≤ th≥ inci≤≥nc≥ of som≥ chronic ≤is≥as≥s 
such as coronary art≥ry ≤is≥as≥, ≤iab≥t≥s, canc≥r 
an≤ ob≥sity has b≥≥n shown (Lawr≥nc≥, ′İı″). 
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An ≥stimat≥≤ ı7.5 million ≤i≥≤ of car≤iovascular 
≤is≥as≥ in ′İı′ accounting for 46% of all 
noncommunicabl≥ ≤is≥as≥ ≤≥aths (M≥n≤is, ′İı7). 
How≥v≥r, oth≥r stu≤i≥s prov≥ that consumption of 
milk may favourably mo≤ify th≥ bo≤y composition 
an≤ car≤iom≥tabolic risk factors ≤u≥ to milk’s 
conjugat≥≤ linol≥ic aci≤ (CLA) cont≥nt (L≥hn≥n 
≥t al., ′İı5). Th≥r≥for≥, th≥ pro≤uction of ≤airy 
pro≤ucts from wat≥r buffalo milk with ≥nrich≥≤ 
mono- an≤ polyunsaturat≥≤ FA cont≥nt, ≥sp≥cially 
CLA  an≤  om≥ga-″,  b≥n≥its  for  high  nutritional 
prop≥rti≥s of pro≤uc≥≤ foo≤. 

In th≥ last thr≥≥ ≤≥ca≤≥s, milk pro≤uction 
in th≥ worl≤ has incr≥m≥nt≥≤ by mor≥ than 5İ%, 
from 5İİ million tons in ı98″ to 8ıı million 
tons in ′İı7 (FAO, ′İı8). Globally, ı6.9% of 
milk consum≥≤ by humans com≥s from liv≥stock 
sp≥ci≥s oth≥r than cattl≥ (Fay≥ an≤ Konuspay≥va, 
′İı′) an≤ wat≥r buffalos (Bubalus bubalis) ar≥ th≥ 
worl≤’s s≥con≤ massiv≥ milk pro≤uc≥r with ı4% 
b≥hin≤ th≥ ≤airy cow. Th≥r≥ ar≥ two main groups of 
wat≥r buffalos: riv≥r buffalo an≤ swamp buffalo in 
th≥ worl≤ (Kumar ≥t al., ′İİ7). In Turk≥y, only on≥ 
br≥≥≤, th≥ Anatolian wat≥r buffalo is pr≥s≥nt, an≤ it 
is classii≥≤ as M≥≤it≥rran≥an riv≥r typ≥ (Soysal ≥t 
al., ′İıİ) which r≥pr≥s≥nts th≥ b≥st charact≥ristics 
for milk pro≤uction. Wat≥r buffalo milk pro≤ucts 
(WBMP), such as mozzar≥lla ch≥≥s≥, cur≤, yogurt, 
cr≥am an≤ ic≥ cr≥am, ar≥ g≥tting mor≥ an≤ mor≥ 
popular ≤u≥ to WBMP’s high≥r conc≥ntrations 
of prot≥in, fat, lactos≥, min≥rals an≤ vitamins in 
buffalo milk (Han ≥t al., ′İı′). Wat≥r buffalo milk 
an≤ its ≤≥riv≥≤ pro≤ucts coul≤ b≥ a goo≤ sourc≥ of 
CLA for humans, lik≥ oth≥r foo≤ pro≤ucts from 
ruminants b≥caus≥ bact≥ria pr≥s≥nt in th≥ rum≥n 
may biohy≤rog≥nat≥ ≤i≥tary PUFA to form CLA. 
D≥spit≥ its nutritional valu≥, curr≥ntly, information 
on ch≥mical composition inclu≤ing CLA cont≥nt in 
wat≥r buffalo milk is v≥ry limit≥≤ in th≥ worl≤ an≤ 

kin≤ of vagu≥ in Turk≥y. Th≥r≥for≥, th≥ obj≥ctiv≥ 
of this stu≤y was to inv≥stigat≥ physicoch≥mical 
composition an≤ FA cont≥nt of Anatolian wat≥r 
buffalo milk from six ≤iff≥r≥nt provinc≥s in Turk≥y.

MATERIALS AND METHODS

Animals an≤ milk sampling
Wat≥r buffalo milks corr≥spon≤≥≤ to 

in≤ivi≤ual milks tak≥n from 57 buffalos of 
M≥≤it≥rran≥an br≥≥≤ of Bubalus bubalis from six 
≤iff≥r≥nt provinc≥s wh≥r≥ most int≥nsiv≥ wat≥r 
buffalo br≥≥≤ing pr≥s≥nt in Turk≥y (Tabl≥ ı). 
Provinc≥s w≥r≥ s≥l≥ct≥≤ accor≤ing to wat≥r buffalo 
population. All milk sampl≥s w≥r≥ coll≥ct≥≤ in 
sam≥ s≥ason (April an≤ May, ′İı8). All animals 
w≥r≥ graz≥≤ in th≥ pastur≥ an≤ swamp ar≥a ≤uring 
this p≥rio≤. In Turk≥y, th≥ ≤istribution of plants in 
pastur≥s; ı5% l≥guminous, ıİ% grass≥s an≤ 75% 
oth≥r plants (b≥longing to oth≥r famili≥s) hav≥ b≥≥n 
r≥port≥≤ (Avağ, ′İı8). In a≤≤ition, all animals w≥r≥ 
allow≥≤ to consum≥ at l≥ast 6İ% of th≥ roughag≥ 
≤uring th≥ sampling. Drinking wat≥r was always 
availabl≥ in pastur≥. All th≥ wat≥r buffalos w≥r≥ 
milk≥≤ onc≥ a ≤ay ≤uring th≥ milking p≥rio≤ an≤ 
milk sampl≥s w≥r≥ tak≥n from this milking tim≥. 
Th≥ farms w≥r≥ locat≥≤ in Afyonkarahisar (″8° 45’ 
′4.787” N ″İ° ″′’ ı9.″″4” E), Balık≥sir (″9° ″9’ 
ıı.87″” N ′7° 5″’ ′5.′″ı” E), Diyarbakır (″7° 55’ 
′9.9İ″”  N  4İ°  ı′’  ″9.5″9”  E),  İstanbul  (4ı°  ıİ’ 
48.ı55” N ′8° 44’ ı7.4′6” E), Kays≥ri (″8° 4İ’ 
′9.57′” N ″5° ı8’ ′8.ı77” E) an≤ Samsun (4ı° 
ı6’ 46.9″ı” N ″6° ′İ’ 9.84ı” E) provinc≥s. Forty 
mL of fr≥sh milk was th≥n ≤rawn an≤ r≥l≥as≥≤ 
into 5İ mL falcon tub≥ wh≥r≥ th≥y w≥r≥ pr≥s≥rv≥≤ 
with antibiotic tabl≥t (Bronolab Broa≤ Sp≥ctrum 
Microtabs, ı8 mg tabl≥t: compris≥s 8 mg Bronopol 
an≤ İ.″İ mg Natamycin) an≤ transf≥rr≥≤ via 
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insulat≥≤ foam contain≥rs with cooling cass≥tt≥s. 
Milk sampl≥s w≥r≥ stor≥≤ 4°C until portions w≥r≥ 
analyz≥≤ th≥ following ≤ay. Prior to analysis of FA 
cont≥nt, wat≥r buffalo milk sampl≥s w≥r≥ stor≥≤ at 
-′İ°C.

D≥t≥rmination  of  physicoch≥mical  an≤  fatty 
aci≤ composition in th≥ wat≥r buffalo milk

All milk sampl≥s w≥r≥ analys≥≤ for, fat, 
prot≥in, lactos≥ an≤ non-fat ≤ry matt≥r by Milkana 
Multi  -  T≥st  (Mayasan  Gı≤a,  İstanbul,  Turk≥y). 
Milk fat ≥xtraction was pr≥par≥≤ accor≤ing to 
G≥rb≥r m≥tho≤ (Jam≥s, ı995). On≥-st≥p ≥xtraction-
trans≥st≥riication proc≥ss (Sukhija an≤ Palmquist, 
ı988) was us≥≤ to pr≥par≥ fatty aci≤ m≥thyl ≥st≥rs 
(FAME). Th≥ FAME proil≥ for a İ.6-μl sampl≥ at a 
split ratio of ı:5İ was g≥n≥rat≥≤ using a Schima≤zu, 
GC ′İıİ plus gas chromatography ≥quipp≥≤ with 
a lam≥ ionization  ≤≥t≥ctor  (Schima≤zu,  Kyoto, 
Japan), a capillary column (6İ m × İ.′5 mm ID × 
İ.′5İ μm (cat. # ı″ı99)) an≤ H′ as th≥ carri≥r gas. 
Th≥ FAMEs w≥r≥ s≥parat≥≤ using a t≥mp≥ratur≥ 
gra≤i≥nt program (Inj≥ction: ′.İ μL split (split ratio 
′İİ: ı)), 4 mm inl≥t lin≥rs (cat # ′İ8ı4), inj≥ction 
t≥mp≥ratur≥:  ′′5°C,  carri≥r  gas:  hy≤rog≥n,  low 
rat≥: ı.′ ml / min, ov≥n t≥mp≥ratur≥: ıİİ°C (4 
minut≥s) to ′4İ°C (ıİ minut≥s) ″°C / minut≥) an≤ 
th≥ p≥aks w≥r≥ i≤≥ntii≥≤ bas≥≤ on comparison of 
r≥t≥ntion tim≥s with auth≥ntic stan≤ar≤ (Sup≥lco 
#″7, Sup≥lco Inc., B≥ll≥font≥, PA, USA; L84İ4 an≤ 
O56″′, Sigma Al≤rich, St. Louis, MO, USA). Milk 
fat CLA l≥v≥l was i≤≥ntii≥≤ bas≥≤ on comparison 
of r≥t≥ntion tim≥s with CLA stan≤ar≤ (cat # ı64ı″ 
Sigma-Al≤rich, St. Louis, MO, USA). 

Statistical analys≥s an≤ calculations 
On≥-way ANOVA was ≤on≥ for ass≥ssm≥nt 

of th≥ ≤iff≥r≥nc≥s in th≥ FA composition among 
provinc≥s. Th≥ m≥ans w≥r≥ ≤≥t≥rmin≥≤ by using 

Duncan’s multipl≥ rang≥ t≥sts. Th≥ r≥sults of 
th≥ statistical analysis w≥r≥ pr≥s≥nt≥≤ as m≥an 
valu≥s an≤ stan≤ar≤ ≥rror of th≥ m≥ans (SEM). 
L≥v≥l  of  signiicanc≥  was  consi≤≥r≥≤  as  P<İ.İ5. 
ANOVA was p≥rform≥≤ in IBM SPSS Statistics 
for Win≤ows, v≥rsion ı7 (IBM Corp., Armonk, 
N.Y.,  USA).  In  or≤≥r  to  analyz≥  th≥  inlu≥nc≥  of 
th≥ whol≥ composition of th≥ m≥asur≥≤ FAMEs on 
provinc≥s a principal compon≥nt analysis (PCA) 
was us≥≤. PCA is a multivariat≥ statistical m≥tho≤ 
that ar≥ wi≤≥ly us≥≤ in situations wh≥n th≥ ≥ff≥ct of 
many possibly corr≥lat≥≤ pr≥≤ictor variabl≥s into 
a s≥t of valu≥s of lin≥arly uncorr≥lat≥≤ variabl≥s. 
PCA analysis was p≥rform≥≤ in pal≥ontological 
statistics softwar≥ packag≥ (PAST) v≥rsion ″.′İ 
(Hamm≥r, Harp≥r an≤ Ryan, ′İİı). 

Ath≥rog≥nicity in≤ic≥s w≥r≥ calculat≥≤ 
as th≥ cont≥nt ratio of SFA / unsaturat≥≤ FA using 
th≥ following formula propos≥≤ by (Ulbricht an≤ 
Southgat≥, ı99ı): 

Ath≥rog≥n≥city in≤≥x (AI) = [Cı′:İ + 
4(Cı4:İ) + Cı6:İ)] / Σ (MUFA + PUFA)

Th≥  Δ9 ≤≥saturas≥ ratio w≥r≥ us≥≤ as an 
in≤icator of th≥ Δ9 ≤≥saturas≥ activity using FA that 
ar≥  substrat≥s  an≤  pro≤ucts  for Δ9 ≤≥saturas≥ an≤ 
calculat≥≤ using th≥ following mo≤≥l propos≥≤ by 
(Lock an≤ Garnsworthy, ′İİ″): 

D≥saturas≥ in≤≥x (DI) = Cı4:ı / Cı4:İ

RESULTS

Th≥ physical charact≥ristics such as 
fat, non-fat ≤ry matt≥r, lactos≥, prot≥in an≤ pH, 
ar≥ crucial param≥t≥rs for th≥ physicoch≥mical 
prop≥rti≥s an≤ nutritional attitu≤≥ of milk. 
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Diff≥r≥nt physical prop≥rti≥s of th≥ ≤iff≥r≥nt milk 
sampl≥s from 6 provinc≥s in Turk≥y b≥longs 
Anatolian wat≥r buffalo w≥r≥ shown in Tabl≥ 
ı. Th≥ fat amount in wat≥r buffalo milk sampl≥s 
w≥r≥ in th≥ rang≥ of 5.97αİ.″İ% to 9.ı9αİ.57% 
an≤ th≥ m≥an fat was 6.96αİ.′5%. In th≥ pr≥s≥nt 
≥xp≥rim≥nt,  th≥  low≥st  fat  cont≥nt  was  i≤≥ntii≥≤ 
for th≥ P5 provinc≥ wat≥r buffalo milk whil≥ for 
P′ provinc≥ show≥≤ th≥ high≥st valu≥ (Tabl≥ ı). 
Among th≥ wat≥r buffalo milk sampl≥s, th≥ low≥st 
valu≥  was  i≤≥ntii≥≤  for  non-fat  ≤ry  matt≥r  in  P′ 
provinc≥, follow≥≤ by P5 provinc≥ milk an≤ th≥ 
high≥st was ≤≥monstrat≥≤ in Pı provinc≥ milk 
sampl≥s (Tabl≥ ı). For th≥ prot≥in, th≥ low≥st valu≥ 
was r≥cor≤≥≤ for P′ provinc≥ ″.ı′αİ.İ6% an≤ 
th≥ high≥st was for th≥ P″ provinc≥ milk sampl≥s 
″.77αİ.İ7%. In g≥n≥ral pH is th≥ m≥asur≥ of 
sampl≥ aci≤ity an≤ alkalinity an≤ small ≤iff≥r≥nc≥s 
w≥r≥ ≤≥t≥ct≥≤ for th≥ pH m≥asur≥m≥nt in all th≥ 
milk sampl≥s. Th≥ pH valu≥s for th≥ milk sampl≥s 
w≥r≥ in b≥tw≥≥n 5.′İ an≤ 5.′6. P″ milk sampl≥s 
show≥≤ th≥ high≥st pH among all inv≥stigat≥≤ milk 
sampl≥s (Tabl≥ ı). Lactos≥ which is known as milk 
sugar an≤ is consist≥≤ of galactos≥ an≤ glucos≥. In 
all inv≥stigat≥≤ milk sampl≥s, P″ provinc≥ wat≥r 
buffalo milk contain≥≤ th≥ high≥st an≤ P′ provinc≥ 
milk sampl≥s low≥st amount of lactos≥ (Tabl≥ ı).

Milk fat conc≥ntration, m≥an conc≥ntration 
of som≥ in≤ivi≤ual FA an≤ th≥ sum of FA in 
≤iff≥r≥nt provinc≥s ar≥ summariz≥≤ in Tabl≥ ′. 
Milk  FA  was  quantii≥≤  by  gas  chromatography 
itt≥≤  with  a  lam≥-ionization  ≤≥t≥ctor  an≤  a  FA 
stan≤ar≤ mix (contain ″7 FA). Nin≥t≥≥n FA coul≤ 
not b≥ ≤≥t≥ct≥≤ with ≥nough accuracy thus th≥y 
w≥r≥ ≥xclu≤≥≤ in th≥ statistical analysis. Thos≥ FA 
hav≥ b≥≥n in≤icat≥≤ as unknown follow≥≤ by th≥ir 
r≥t≥ntion tim≥ (in minut≥s) in th≥ chromatographic 
run. In pr≥s≥nt stu≤y, th≥ major FA (≥xpr≥ss≥≤ 
as m≥an α SEM in g / ıİİ g fat) w≥r≥ Cı6:İ 

(palmitic aci≤, ″4.9İαİ.5), cis-9 Cı8:ı (ol≥ic aci≤, 
′5.97αİ.74), Cı8:İ (st≥aric aci≤, ı4.″″αİ.48), 
an≤ Cı4:İ (myristic aci≤, ıı.ı″αİ.′7) accounting 
for approximat≥ly 86% of th≥ total milk fat. C4:İ 
(butyric aci≤, ′.66αİ.İ8), Cı′:İ (lauric aci≤, 
′.İ9αİ.İ7), Cı5:İ (p≥nta≤≥canoic aci≤, ı.54αİ.ı″) 
an≤ Cıİ:İ (capric aci≤, ı.5′αİ.İ7) w≥r≥ also 
r≥lativ≥ly abun≤ant in wat≥r buffalo milk sampl≥s 
which was approximat≥ly 7.5% of th≥ total milk 
FA (Tabl≥ ′). Th≥ main CLA, bovinic aci≤ (cis-9, 
trans-ıı), r≥pr≥s≥nt≥≤ ı.İ9αİ.İ6 in wat≥r buffalo 
milk (Tabl≥ ′).

Saturat≥≤ fatty aci≤s (SFA) w≥r≥ th≥ pot≥nt 
fraction in wat≥r buffalo milk fat (7İ.6″αİ.7); 
MUFA an≤ PUFA w≥r≥ ′9.″7αİ.7 an≤ İ.′αİ.İ″, 
r≥sp≥ctiv≥ly.  Consi≤≥ring  th≥  classiication  bas≥≤ 
of th≥ carbon chain l≥ngth: m≥≤ium-chain fatty 
aci≤s (MCFA) ≥xhibit≥≤ th≥ gr≥at≥r part (5ı.77%) 
of th≥ wat≥r buffalo milk fatty aci≤ fraction, 
wh≥r≥as long chain fatty aci≤s (LCFA) an≤ short 
chain fatty aci≤s (SCFA) r≥pr≥s≥nt≥≤ 4ı.8ı% an≤ 
6.′ı%, r≥sp≥ctiv≥ly. Among th≥ unsaturation in≤≥x 
an≤ ratios, th≥ ath≥rog≥nicity, ha≤ th≥ high≥st 
m≥an p≥rc≥ntag≥ ′.İ7αİ.İ7. In th≥ stu≤y, thr≥≥ 
ratios (DRı4, DRı6 an≤ DRı8) w≥r≥ calculat≥≤ 
to ≥stimat≥ FA aci≤ ≤≥saturas≥ activity an≤ g≥t an 
in≤ication of th≥ synth≥s≥s of unsaturat≥≤ FAs. 
Ratios giv≥n in th≥ pr≥s≥nt stu≤y r≥pr≥s≥nt th≥ 
pro≤uct / substrat≥ r≥lationship for ≤≥saturas≥. 
High≥st ≤≥saturas≥, ≤≥saturas≥ ratio was foun≤ for 
DIı4, DIı6 an≤ DIı8; İ.İ8αİ.İİ, İ.İ′αİ.İİ an≤ 
İ.64αİ.İı r≥sp≥ctiv≥ly. 

Th≥ r≥sults ar≥ shown in Tabl≥ ′ by 
applying on≥-way ANOVA which FA ≤iff≥r≥nc≥s 
accor≤ing to th≥ provinc≥s. How≥v≥r, pot≥ntial 
coh≥r≥nc≥s of ≤iff≥r≥nt FAs ar≥ not consi≤≥r≥≤ in 
this analysis. Th≥r≥for≥, th≥ principal compon≥nt 
analysis (PCA) was us≥≤ in or≤≥r to ≤≥t≥rmin≥ 
principal compon≥nts (PC) bas≥≤ on th≥ whol≥ FA 
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composition. Th≥ ≤ata consist≥≤ of 57 rows (milk 
sampl≥s) an≤ ı8 FA m≥asur≥m≥nt inclu≤ing fat an≤ 
prot≥in. Loa≤ings an≤ PCA scor≥s plot of th≥ irst 
an≤ th≥ thir≤ PC of th≥ auto-scal≥≤ ≤ata show≥≤ in 
Figur≥ ı. Th≥ ≤ata matrix ≥xplain≥≤ approximat≥ly 
9ı.″% of th≥ total varianc≥. Th≥ ≤iff≥r≥nc≥ b≥tw≥≥n 
th≥ sampl≥s from six provinc≥s is cl≥ar. P5 provinc≥ 
lay mainly in th≥ NE qua≤rant with positiv≥ scor≥s 
on  th≥  irst  PC  an≤  positiv≥  scor≥s  on  th≥  thir≤ 
PC, wh≥r≥as P″ occupi≥≤ th≥ SE qua≤rant with 
n≥gativ≥ scor≥s on th≥ irst PC an≤ positiv≥ scor≥s 
on th≥ thir≤ PC. W≥st Anatolian sampl≥s lay mainly 
in th≥ NW qua≤rant with positiv≥ scor≥s on th≥ irst 
PC an≤ n≥gativ≥ scor≥s on th≥ thir≤ PC (Figur≥ ı).

DISCUSSION

Th≥ milk quality is gr≥atly ≤≥t≥rmin≥≤ by 
its ch≥mical composition such as prot≥in, lactos≥ 
an≤ fat an≤ FA cont≥nts ≤u≥ to its ≤ir≥ct r≥lation to 
human h≥alth, an≤ th≥ organol≥ptic charact≥ristic. 
Th≥ l≥v≥l of physicoch≥mical compositions in th≥ 
m≥asur≥≤ milk sampl≥s w≥r≥ also compar≥≤ with 
th≥ pr≥viously r≥port≥≤ lit≥ratur≥ from Anatolian 
wat≥r buffalo (Erm≥tin, ′İı7) an≤ as w≥ll as from 
≤iff≥r≥nt countri≥s (Khan, Islam an≤ Si≤≤iki, ′İİ7; 
Imran ≥t al., ′İİ8; Kashwa, ′İı6). Similar milk 
fat p≥rc≥ntag≥s w≥r≥ ≤≥scrib≥≤ for Anatolian wat≥r 
buffalos  (Ş≥k≥r≤≥n,  ı999),  although  som≥tim≥s 
low≥r valu≥s w≥r≥ r≥port≥≤ (Tonhati ≥t al., ′İıı), 
lik≥ly r≥l≥cting th≥ ≥ff≥ct of ≤iff≥r≥nt manag≥m≥nt, 
f≥≥≤ing, an≤ ≥nvironm≥ntal con≤itions. Th≥ r≥sults 
show that valu≥s for th≥ fat in all th≥ milk sampl≥s 
ar≥ in goo≤ agr≥≥m≥nt with th≥ r≥port≥≤ lit≥ratur≥. 
Ş≥k≥r≤≥n (ı999) r≥port≥≤ Anatolian wat≥r buffalo 
fat cont≥nt as 7.ı% which is low≥r than w≥st≥rn 
Anatolia sampl≥s but high≥r than c≥ntral an≤ ≥ast 
Anatolia wat≥r buffalo milk sampl≥s. In th≥ curr≥nt 

stu≤y, fat cont≥nt was foun≤ to b≥ much high≥r 
in P′ an≤ Pı sampl≥s an≤ slightly high≥r in P4 
sampl≥s compar≥≤ to th≥ M≥≤it≥rran≥an wat≥r 
buffalos which ar≥ r≥ar≥≤ in Sw≥≤≥n (Kashwa, 
′İı6). Khan ≥t al. (′İİ7); Imran ≥t al. (′İİ8) an≤ 
r≥port≥≤ that th≥ fat in th≥ milk was 7.″% an≤ 7.6% 
in Bangla≤≥sh an≤ Pakistan wat≥r buffalo milk 
sampl≥s, r≥sp≥ctiv≥ly which ar≥ l≥ss than what w≥ 
foun≤ in th≥ pr≥s≥nt stu≤y (Tabl≥ ı). Fat cont≥nt 
of wat≥r buffalo milk sampl≥s w≥r≥ also foun≤ 
similar in W≥st≥rn Anatolia sampl≥s but low≥r in 
c≥ntral an≤ ≥ast≥rn Anatolia sampl≥s compar≥≤ 
to Italian an≤ Bulgarian wat≥r buffalo sampl≥s 
(Mihaylova an≤ P≥≥va, ′İİ7; Tufar≥lli, Dario an≤ 
Lau≤a≤io, ′İİ8). Th≥ conc≥ntration rang≥ of total 
soli≤s (non-fat ≤ry matt≥r) was from 8.ı′αİ.4ı% 
to 9.96αİ.5″% as giv≥n in Tabl≥ ı. Th≥ amount of 
non-fat mat≥rial is 9.6αİ.8% in Anatolian wat≥r 
buffalo (Ş≥k≥r≤≥n, ı999) an≤ 9.8αİ.ı% (Imran ≥t 
al., ′İİ8) in Pakistan buffalo sampl≥s. Th≥ r≥sults 
show that valu≥s for th≥ total soli≤s in all th≥ milk 
sampl≥s ar≥ in goo≤ agr≥≥m≥nt with th≥ r≥port≥≤ 
lit≥ratur≥. In th≥ curr≥nt milk sampl≥s, lactos≥ 
was in th≥ rang≥ of 4.″8αİ.′7% to 5.44αİ.59% 
(Tabl≥ ı). Tufar≥lli, Dario an≤ Lau≤a≤io (′İİ8); 
Imran ≥t al. (′İİ8); Mihaylova an≤ P≥≥va (′İİ7) 
r≥port≥≤ that th≥ lactos≥ in th≥ milk was from 4.6% 
to 4.85% which is slightly low≥r than foun≤ in th≥ 
curr≥nt stu≤y. Not r≥l≥vant ≤iff≥r≥nc≥s s≥≥m≥≤ to 
b≥ ≤≥t≥ct≥≤ in total SFA an≤ UFA.

This  is  th≥  irst  compr≥h≥nsiv≥  ≤ata 
on th≥ FA cont≥nt of Anatolian wat≥r buffalos. 
Although ≤ata about physical prop≥rti≥s w≥r≥ 
r≥vi≥w≥≤ in lit≥ratur≥ no ≤ata was availabl≥ for 
th≥ FA cont≥nt of Anatolian wat≥r buffalo (Ab≤ 
El-Salam  an≤  El-Shibiny,  ′İıı).  Main  FA  proil≥ 
in th≥ pr≥s≥nt stu≤y coinci≤≥≤ with that r≥port≥≤ 
for M≥≤it≥rran≥an buffalos in (P≥golo ≥t al., 
′İı7) in which th≥ major in≤ivi≤ual FA in wat≥r 
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buffalo milk w≥r≥ ı6:İ, ı8:ı cis-9, ı8:İ, an≤ ı4:İ. 
Similarly, SFA w≥r≥ th≥ pr≥≤ominant fraction in 
M≥≤it≥rran≥an wat≥r buffalo milk fat (7İ.49%); 
an≤ monounsaturat≥≤, PUFA w≥r≥ at ′5.95 an≤ 
″.54%, r≥sp≥ctiv≥ly (Varricchio ≥t al., ′İıİ; 
P≥golo ≥t al., ′İı7). How≥v≥r, w≥ i≤≥ntii≥≤ low≥r 
m≥an PUFA for Anatolian wat≥r buffalos (İ.′İ, 
Tabl≥ ′) compar≥≤ to M≥≤it≥rran≥an buffalos, 
r≥ar≥≤ in Italy (Varricchio ≥t al., ′İıİ; P≥golo ≥t 
al., ′İı7). Th≥ sam≥ FA patt≥rn was also obs≥rv≥≤ 
in Nili-Ravi buffalos in Pakistan, but th≥y also 
i≤≥ntii≥≤  PUFA  as  4.9ı  (Qur≥shi ≥t al., ′İıİ) 
which is high≥r than that of which was i≤≥ntii≥≤ 
in th≥ curr≥nt stu≤y. PUFAs play a crucial rol≥ in 
c≥lls’ physiological an≤ bioch≥mical proc≥ss≥s an≤ 
≤≥cr≥asing th≥ risk of many ≤is≥as≥s via r≥solving 
th≥ir inh≥r≥nt inlammation con≤ition (Zárat≥ ≥t al., 
′İı7). Various stu≤i≥s show≥≤ that th≥ FA proil≥ 
of milk an≤ its ≤airy pro≤ucts can b≥ chang≥≤ ≤u≥ 
to f≥≥≤ing syst≥m an≤ stag≥ of lactation in sh≥≥p 
(Civi≤ini ≥t al., ′İı8), ≤airy cattl≥ (O≤ongo ≥t al., 
′İİ7) as w≥ll as in M≥≤it≥rran≥an wat≥r buffalo 
(P≥golo ≥t al., ′İı7). Chilliar≤ ≥t al. (′İİİ; ′İİı) 
show≥≤ that f≥≥≤ing animals with ≤iff≥r≥nt typ≥s of 
forag≥s an≤ animal fat or marin≥ oils ha≤ pot≥ntial 
≥ff≥cts on polyunsaturat≥≤ FA (Chilliar≤ ≥t al., 
′İİİ). 

Palmitic aci≤ (PA) (Cı6:İ) was foun≤ 
as th≥ major SFA in th≥ curr≥nt stu≤y (Tabl≥ ′) 
an≤ almost sam≥ m≥an valu≥s w≥r≥ ≤≥t≥ct≥≤ in 
M≥≤it≥rran≥an wat≥r buffalos (B≥rgamo ≥t al., 
′İİ″; Ménar≤ ≥t al., ′İıİ; Varricchio ≥t al., ′İıİ; 
P≥golo ≥t al., ′İı7) an≤ silag≥ f≥≤ wat≥r buffalos 
in Bulgaria (P≥nch≥v ≥t al., ′İı6) by various 
r≥s≥arch≥rs. How≥v≥r, compar≥≤ to Anatolian 
wat≥r buffalos in th≥ pr≥s≥nt stu≤y, PA aci≤ cont≥nt 
in Murrah buffalos foun≤ low≥r (F≥rnan≤≥s ≥t al., 
′İİ7; Sh≥lk≥ an≤ Thakur, ′İıı). Although PA is 
known for putativ≥ ≤≥trim≥ntal h≥alth ≥ff≥cts, it 

has multipl≥ crucial physiological activiti≥s in 
or≤≥r to maintain m≥mbran≥ phospholipi≤s balanc≥ 
(Carta ≥t al., ′İı7). How≥v≥r, mor≥ than palmitic 
aci≤’ uptak≥, balanc≥ of ≤i≥tary PA / PUFA ratio 
is crucial to avoi≤ unwant≥≤ physio-pathological 
con≤itions (Carta ≥t al., ′İı7). Th≥ r≥lativ≥ high 
cont≥nt of lauric aci≤ (Cı′:İ) among ≤≥t≥ct≥≤ 
MCFA in th≥ pr≥s≥nt stu≤y which may ≤isplay 
antibact≥rial activity against various Gram-positiv≥ 
strains (Batovska ≥t al., ′İİ9).

Conc≥rning th≥ unsaturat≥≤ fatty aci≤s 
(UFAs), substantial proportions of ol≥ic aci≤ 
(OA)  (Cı8:ıω-9)  an≤  conjugat≥≤  linol≥ic  aci≤ 
(CLA) isom≥r, Cı8:′ cis-9 trans-ıı (rum≥nic 
aci≤)  aci≤s  w≥r≥  i≤≥ntii≥≤  in  raw  milk  lipi≤s. 
Evi≤≥nc≥s in th≥ last y≥ars hav≥ show≥≤ th≥ ≥ff≥cts 
of OA in human h≥alth an≤ ≤is≥as≥ in which OA 
may improv≥ th≥ immun≥ r≥spons≥ associat≥≤ 
with ≥limination of pathog≥ns such as bact≥ria 
an≤ fungi (Sal≥s-Campos ≥t al., ′İı″). CLA is 
attracting int≥r≥st b≥caus≥ of its ≥xpr≥ss≥≤ ≥ff≥cts 
on  bo≤y  composition  sp≥ciically  a  r≥≤uction  in 
bo≤y fat mass tog≥th≥r with anticarcinog≥nic, 
antiath≥rog≥nic, anti≤iab≥tog≥nic, an≤ immun≥ 
mo≤ulating prop≥rti≥s (Rain≥r an≤ H≥iss, ′İİ4). 
Th≥ m≥an CLA in Anatolian wat≥r buffalos (Tabl≥ 
′) w≥r≥ high≥r compar≥≤ wat≥r buffalos r≥ar≥≤ 
in Italy. P≥golo ≥t al. (′İı7) foun≤ CLA cis-9, 
trans-ıı isom≥r as İ.45 an≤ M≥nar≤ ≥t al. (′İıİ) 
foun≤ th≥ sam≥ isom≥r as İ.9İ mor≥ similar to 
in≤ings  of  th≥  curr≥nt  stu≤y.  Murrah  buffalos  in 
Brazil show≥≤ high≥r CLA cont≥nts (ı.′4′) as 
compar≥≤ to th≥ r≥sults obtain≥≤ in th≥ pr≥s≥nt 
stu≤y. Th≥ conc≥ntration of CLA in milk fat can 
b≥ ≥nhanc≥≤ by chang≥s in th≥ liv≥stock nutrition 
via ruminal biohy≤rog≥nation (Chilliar≤, F≥rlay 
an≤ Dor≥au, ′İİı; Dal≥y ≥t al., ′İıİ). How≥v≥r, 
≥n≤og≥nously pro≤uction of CLA from a≤ipos≥ 
tissu≥ an≤ th≥ mammary glan≤ in lactating ≤airy 
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Tabl≥ ı. L≥ast squar≥s m≥ans an≤ stan≤ar≤ ≥rrors for th≥ physicoch≥mical param≥t≥rs in wat≥r buffalo milk 
from ≤iff≥r≥nt provinc≥s.

Traits Provinc≥s
Pı P′ P″ P4 P5 P6 M≥an SEM P-valu≥

n 7 ıı ıİ ıı 8 ıİ 57
Fat, % 8.ı4ab 9.ı9a 6.8ıbc 7.66abc 5.97c 6.8″bc 6.96 İ.′56 **
Non-fat ≤ry matt≥r, % 9.58ab 8.ı′≤ 9.96a 9.″′abc 8.87c 9.İ4bc 9.ı4 İ.ıı8 ***
Lactos≥, % 5.′İab 4.″8c 5.44a 5.İ6ab 4.8″b 4.9′b 4.97 İ.İ66 ***
Prot≥in, % ″.65ab ″.ı′≤ ″.77a ″.55abc ″.″7c≤ ″.44bc ″.48 İ.İ4″ ***
pH 5.′ıbc 5.′ıb 5.′6a 5.′İc 5.′ıbc 5.′ıb 5.′ı İ.İİ″ ***

 abc≤ M≥ans in th≥ sam≥ raw for ≥ach typ≥ of capsul≥ without common l≥tt≥r ≤iff≥r signiicantly (P≤İ.İ5);  
 n = numb≥r of sampl≥s. SEM: stan≤ar≤ ≥rror of m≥ans; NS P>İ.İ5; *P≤İ.İ5; **P≤İ.İı; *** P≤İ.İİı.
 Pı: Afyonkarahisar; P′: Balık≥sir; P″: Diyarbakır; P4: İstanbul; P5: Kays≥ri; P6: Samsun.

Figur≥ ı. Principal compon≥nt analysis (scor≥s an≤ loa≤ing plot) of Anatolian wat≥r buffalo milk FA proil≥. 
Loa≤ing plot ≤≥scribing th≥ r≥lationship among milk FA ≤≥riv≥≤ from a principal compon≥nt 
analysis bas≥≤ on proportions (% of total FA) in milk from six provinc≥s (n = 57). Thr≥≥ clust≥rs of 
FA w≥r≥ ≤istinguish≥≤. Conjugat≥≤ linol≥ic aci≤ (CLA) an≤ milk prot≥in p≥rc≥ntag≥ w≥r≥ loa≤≥≤ 
opposit≥ (n≥gativ≥ly r≥lat≥≤) to milk fat p≥rc≥ntag≥ wh≥r≥as saturat≥≤ palmitic an≤ unsaturat≥≤ 
ol≥ic aci≤ w≥r≥ loa≤≥≤ with milk fat p≥rc≥ntag≥.
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Tabl≥ ′. L≥ast squar≥s m≥ans an≤ stan≤ar≤ ≥rrors for FA cont≥nt (g/ıİİ g fat) in wat≥r buffalo milk from 
≤iff≥r≥nt provinc≥s.

Fatty aci≤s Provinc≥s
Pı P′ P″ P4 P5 P6 M≥an SEM P-valu≥

C4:İ ′.67ab ′.7ıab ′.′İb ′.88a ″.İ″a ′.54ab ′.66 İ.İ8 *
C6:İ İ.59b İ.6″b ı.95a ı.67a ı.8İa ı.′9ab ı.′5 İ.ı4 *
C8:İ İ.84b İ.5ıc İ.88b ı.İ6a İ.64c İ.67c İ.77 İ.İ″ ***
Cıİ:İ ı.7İb ı.İİc ı.79b ′.ı″a ı.′″c ı.′9c ı.5′ İ.İ7 ***
Cı′:İ ′.′7b ı.54c ′.″9b ′.75a ı.76c ı.84c ′.İ9 İ.İ7 ***
Cı4:İ ıı.97ab 8.İ′c ı′.İ′ab ı′.7″a ıİ.98b ıı.46ab ıı.ı″ İ.′7 ***
Cı4:ı İ.88bc İ.58≤ ı.İ6b İ.64c≤ ı.ı6ab ı.4″a İ.95 İ.İ6 ***
Cı5:İ İ.99c≤ İ.7″≤ ı.47bc≤ ′.56a ı.84b ı.5″bc ı.54 İ.ı″ ***
Cı5:ı İ.5″b İ.″5c İ.55b İ.49bc İ.47bc İ.74a İ.5′ İ.İ″ ***
Cı6:İ ″5.İ7b ″ı.89c ″′.İ5c ″4.9ıb ″8.5″a ″8.İ6a ″4.9İ İ.5İ ***
Cı6:ı İ.65b İ.44c İ.65b İ.5İc İ.78a İ.86a İ.6″ İ.İ′ ***
Cı8:İ ı″.76b ı8.48a ı4.″7b ı′.67b ı′.9İb ı″.ıİb ı4.″″ İ.48 ***
Cı8:ın9c ′6.8′b ″′.′″a ′6.48b ′″.5ıb ′′.9İb ′″.ı4b ′5.97 İ.74 ***
CLA (c-9t-ıı) İ.87bc İ.65c ı.49a ı.ıİab ı.′6ab ı.ı8ab ı.İ9 İ.İ6 ***
C′İ:İ İ.′5c İ.ı6c İ.5ıb İ.″ıc İ.74a İ.59ab İ.4′ İ.İ4 ***
Cı8:″n6 İ.ı4bc İ.İ7c İ.ı4bc İ.İ9c İ.6ıa İ.″ıa İ.′ı İ.İ4 ***
∑SFA 7İ.ııab 65.67b 69.6″ab 7″.66a 7′.8′a 7′.″4a 7İ.6″ İ.7İ **
∑MUFA ′9.89ab ″4.″″a ″İ.″7ab ′6.″4b ′7.ı9b ′7.66b ′9.″7 İ.7İ **
∑PUFA İ.ı4b İ.İ7b İ.ı4b İ.İ9b İ.6ıa İ.′″b İ.′İ İ.İ″ ***
SCFA 5.8İbc 4.86c 6.8ıab 7.75a 6.İ7bc 5.78bc 6.′ı İ.′ı ***
MCFA 5′.″6ab 4″.56c 5İ.ı8b 54.58a 55.5′a 55.9İa 5ı.77 İ.8İ ***
LCFA 4ı.7ıbc 5ı.5ıa 4′.86b ″7.59c ″7.8İc ″8.İİc 4ı.8ı İ.9′ ***
AI ı.84a ı.9′a ı.7′a ı.76a ı.İıb ′.İ7a ″.İ5 İ.ı″ ***
DI Cı4 İ.ıİab İ.ııa İ.İ7c≤ İ.İ8bc İ.İ7c≤ İ.İ5≤ İ.İ8 İ.İİ ***
DI Cı6 İ.İ′b İ.İ′a İ.İ′ab İ.İ′b İ.İıc İ.İıc İ.İ′ İ.İİ ***
DI Cı8 İ.6″ İ.6″ İ.66 İ.65 İ.64 İ.65 İ.64 İ.İı NS

 SCFA: short-chain fatty aci≤s; MCFA: m≥≤ium-chain fatty aci≤s; LCFA: long-chain fatty aci≤s;  
  CLA: conjugat≥≤ linol≥ic aci≤; SFA: Saturat≥≤ fatty aci≤s; MUFA: Monounsaturat≥≤ fatty aci≤s, PUFA:  
   Polyunsaturat≥≤ fatty aci≤s; abc≤ M≥ans in th≥ sam≥ raw for ≥ach typ≥ of capsul≥ without common l≥tt≥r ≤iff≥r   
  signiicantly (P≤İ.İ5). SEM: stan≤ar≤ ≥rror of m≥ans; AI: ath≥rog≥nicity in≤≥x; DI: ≤≥saturas≥ in≤≥x; NS  
  P>İ.İ5; *P≤İ.İ5; **P≤İ.İı; *** P≤İ.İİı. Pı: Afyonkarahisar; P′: Balık≥sir; P″: Diyarbakır; P4: İstanbul;  
  P5: Kays≥ri; P6: Samsun.
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cows by Δ9-≤≥saturas≥ has b≥≥n also ≤≥monstrat≥≤ 
(Griinari ≥t al., ′İİİ). Th≥r≥for≥, to ass≥ss 
th≥ nutritional quality of lipi≤s ≤≥saturas≥ an≤ 
ath≥rog≥nicity in≤≥x≥s (AI) ar≥ calculat≥≤. Th≥ 
AI showing th≥ inhibition of th≥ aggr≥gation of 
plaqu≥ an≤ ≤iminishing th≥ l≥v≥ls of ≥st≥rii≥≤ FA, 
chol≥st≥rol, an≤ phospholipi≤s, th≥r≥by pr≥v≥nting 
th≥ app≥aranc≥ of micro- an≤ macro-coronary 
≤is≥as≥s (Ulbricht an≤ Southgat≥, ı99ı). Among 
unsaturation in≤≥x≥s, Varricchio ≥t al. (′İıİ) stat≥≤ 
that M≥≤it≥rran≥an buffalos r≥ar≥≤ in Italy ≥xhibits 
a rang≥ b≥tw≥≥n ′.ı5 an≤ ′.6ı% which is low≥r than 
th≥ sampl≥s m≥asur≥≤ in th≥ curr≥nt ≥xp≥rim≥nt. 
High≥r AI valu≥ impli≥s a low≥r PUFA / SFA ratio 
an≤ this is in accor≤anc≥ with th≥ pr≥s≥nt in≤ings 
that Anatolian wat≥r buffalos show≥≤ low≥r PUFA 
compar≥≤ to M≥≤it≥rran≥an buffalos (Varricchio ≥t 
al., ′İıİ; P≥golo ≥t al., ′İı7).

CONCLUSIONS

Tak≥n tog≥th≥r this stu≤y pr≥s≥nts a 
≤≥tail≥≤ analysis of FA proil≥ of Anatolian buffalo 
milk, inclu≤ing FA pr≥s≥nt in small conc≥ntrations 
thos≥ may hav≥ a positiv≥ ≥ff≥ct on human h≥alth. 
W≥  conirm≥≤  Anatolian  wat≥r  buffalo  milk 
sampl≥s  show≥≤  variation  in  th≥  FA  proil≥  ≤u≥ 
to  th≥  sp≥ciic  FA  origin  an≤  m≥tabolic  pathway 
most probably r≥lat≥≤ with th≥ir ≥nvironm≥ntal 
con≤itions. Int≥r≥stingly, East Anatolian wat≥r 
buffalos ≥xhibit high≥r CLA cont≥nt compar≥≤ 
to W≥st Anatolian on≥s an≤ milk fat vic≥ v≥rsa. 
G≥n≥rally, Anatolian wat≥r buffalos w≥r≥ poor in 
t≥rms polyunsaturat≥≤ FA compar≥≤ to oth≥r wat≥r 
buffalos from ≤iff≥r≥nt countri≥s. Th≥r≥for≥, th≥s≥ 
r≥sults may provi≤≥ us≥ful information about th≥ 
nutri≥nt composition of buffalo milk an≤ furth≥r 
stu≤i≥s ar≥ warrant≥≤ to improv≥ th≥ t≥chnological 

an≤ nutritional charact≥ristics of Anatolian buffalo 
milk.
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Original Articl≥

ABSTRACT

A cas≥-control stu≤y was con≤uct≥≤ to 
i≤≥ntify th≥ factors associat≥≤ with th≥ succ≥ss or 
failur≥ of artiicial ins≥mination (AI) of buffalo≥s 
in  Baybay  City,  L≥yt≥,  Philippin≥s. Th≥  cow-calf 
pair  was  us≥≤  as  th≥  unit  of  int≥r≥st  in  this  stu≤y 
r≥gar≤l≥ss  of  br≥≥≤  an≤  numb≥r  of  buffalo  cows 
th≥ farm≥rs own. Of th≥ ′4 s≥l≥ct≥≤ barangays, an 
≥qual  numb≥r  of  cas≥s  (″8  fail≥≤ AI)  an≤  control 
(″8 succ≥ssful AI) w≥r≥ s≥l≥ct≥≤ from 78 farm≥r-
coop≥rators  of  th≥  Philippin≥  Carabao  C≥nt≥r 
(PCC) AI  program  an≤  ≤ata  w≥r≥  coll≥ct≥≤  using 
a qu≥stionnair≥. On th≥ on≥ han≤, our stu≤y foun≤ 
that  ≥v≥ry  y≥ar  incr≥m≥nt  b≥yon≤  th≥  ag≥  at  irst 
br≥≥≤ing of th≥ cow coul≤ pr≥≤ispos≥ th≥ animals 
to  fail  by  as  much  as  ′.5  tim≥s  wh≥n  compar≥≤ 
to  young≥r  cows.  On  th≥  oth≥r  han≤,  a  monthly 
incr≥m≥nt in th≥ calf w≥aning ag≥ may incr≥as≥ th≥ 
lik≥lihoo≤ of AI succ≥ss by as much as 5İ%. Th≥s≥ 
r≥sults imply that th≥ ag≥ at irst br≥≥≤ing must b≥ 
consci≥ntiously consi≤≥r≥≤ to allow optimal s≥xual 
an≤ physical maturity of th≥ br≥≥≤ing cows whil≥ 
≥nsuring  that  irst  br≥≥≤ing  ≤o≥s  not  occur  with 
too  much  ≤≥lay.  Mor≥ov≥r,  whil≥  mor≥  matur≥ 
calv≥s hav≥ high≥r chanc≥s of succ≥ss at w≥aning, 
provision of wallow ≤uring pr≥gnancy also app≥ars 
to  support  AI  succ≥ss  as  an  ≥ff≥ctiv≥  m≥tho≤  of 
cooling.

K≥ywor≤s: Bubalus bubalis,  buffalo,  artiicial 
ins≥mination, PCC, Philippin≥s

INTRODUCTION

Larg≥  ruminants  lik≥  cattl≥  an≤  buffalo≥s 
ar≥ an int≥gral part of Asian agricultur≥. Millions 
of  farm≥rs  particularly  in Asia  r≥ly  on  cattl≥  an≤ 
buffalo≥s as sourc≥ of m≥at, milk an≤ ≤raft pow≥r in 
agricultural op≥rations (Nan≤a an≤ Nakao, ′İİ″). 
In  East  an≤  South≥ast  Asia,  it  is  not  uncommon 
to  in≤  about  ı  to  5  swamp  typ≥  buffalo≥s  rais≥≤ 
p≥r hous≥hol≤ as sourc≥ of ≤raft pow≥r an≤ m≥at; 
or  milk  from  riv≥rin≥-typ≥  buffalo≥s  in  South 
an≤  Southw≥st  Asia  (Cruz,  ′İİ7).  It  is  th≥r≥for≥ 
n≥c≥ssary  that  th≥s≥  animals  r≥c≥iv≥  consi≤≥rabl≥ 
att≥ntion  inclu≤ing  optimal  manag≥m≥nt,  goo≤ 
nutrition  an≤  improv≥≤  br≥≥≤ing  practic≥s  to 
≥nhanc≥  th≥ir  pro≤uction  pot≥ntial  an≤  uplift  th≥ 
liv≥lihoo≤ of smallhol≤≥r farm≥rs. 

Buffalo≥s  (Bubalus bubalis),  consi≤≥r≥≤ 
as  th≥  farm≥r’s  ≤ocil≥  fri≥n≤  in  agricultur≥  an≤  a 
walking  f≥rtiliz≥r  factory  is  ins≥parabl≥  among 
tra≤itional  farming  syst≥ms  in  Asia  (National 
R≥s≥arch  Council  ı98ı;  Roxas-Lim  ı998; 
Murtaza ≥t al., ′İı7). In th≥ Philippin≥s, a working 
buffalo  works  for  about  84  to  98  ≤ays  p≥r  y≥ar 
particularly in  ric≥-bas≥≤  farming  syst≥m  (Alviar, 
ı987).  Crossbr≥≤  wat≥r  buffalo≥s  also  provi≤≥ 

PREDICTORS OF SUCCESS OR FAILURE IN ARTIFICIALLY INSEMINATED 
BUFFALO COWS IN BAYBAY CITY, LEYTE, PHILIPPINES: 

AN UNMATCHED CASE-CONTROL STUDY
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consi≤≥rably  mor≥  ≥≤ibl≥  an≤  non-≥≤ibl≥  by-
pro≤ucts aft≥r slaught≥r with s≥v≥ral charact≥ristics 
of  buffalo  m≥at  inclu≤ing  cru≤≥  prot≥in,  ash,  fat, 
chol≥st≥rol comparabl≥ to th≥ mor≥ pr≥f≥rr≥≤ b≥≥f 
(Lapitan ≥t al., ′İİ7). 

Th≥ vast majority of buffalo≥s worl≤wi≤≥ 
can b≥ foun≤ in Asia r≥pr≥s≥nting n≥arly ′ million 
in  ′İİ4  (Cruz,  ′İİ7).  Unfortunat≥ly,  a  ≤≥clin≥  in 
carabao  inv≥ntory  r≥quir≥s  consi≤≥rabl≥  att≥ntion 
brought  about  by  low  pro≤uctivity,  poor  nutrition 
an≤ in≤iscriminat≥ slaught≥r among oth≥rs. Unlik≥ 
cattl≥,  buffalo≥s  only  r≥c≥iv≥≤  minimal  att≥ntion 
from  th≥  gov≥rnm≥nt  an≤  r≥s≥arch≥rs  in  th≥  past 
possibly  ≤u≥  to  inh≥r≥nt  m≥rits  of  this  sp≥ci≥s, 
along  with  th≥  massiv≥  intro≤uction  of  farm 
m≥chanization (Nan≤a an≤ Nakao, ′İİ″). 

In Pakistan, buffalo≥s app≥ar to b≥ aff≥ct≥≤ 
mor≥  oft≥n  by  r≥p≥at  br≥≥≤ing  syn≤rom≥  than  in 
cattl≥ (Khan ≥t al., ′İı6) causing about ″ to 6% of 
th≥ h≥r≤ b≥ing cull≥≤ annually (Bartl≥tt ≥t al., ı986; 
Yusuf ≥t al.,  ′İıİ).  Pot≥ntial  r≥asons  for  this  ar≥ 
≤u≥ to high≥r occurr≥nc≥ of sil≥nt ≥strus in buffalo 
cows  as  w≥ll  as  th≥ir  ≤ocil≥  natur≥  which  can  b≥ 
aggravat≥≤ by s≥v≥ral factors inclu≤ing br≥≥≤, an≤ 
agro-climatic an≤ manag≥m≥nt con≤itions (Khan ≥t 
al., ′İı6). Ovulatory ≤isturbanc≥s an≤ r≥pro≤uctiv≥ 
tract  inf≥ction  (Kutty  an≤  Ramachan≤ran,  ′İİ″) 
as  w≥ll  as  hormonal  ab≥rrations  alongsi≤≥  a 
combination with oth≥r factors w≥r≥ also i≤≥ntii≥≤ 
to inlu≥nc≥ r≥p≥at br≥≥≤ing syn≤rom≥ (Singh ≥t al., 
′İİ8). In Egypt, typical r≥p≥at br≥≥≤≥rs account≥≤ 
for 7.′5% of total r≥pro≤uctiv≥ ≤isor≤≥rs in buffalo 
cows (Ahm≥≤ ≥t al., ′İıİ) an≤ an inci≤≥nc≥ rat≥ of 
8.8′% was r≥port≥≤ in In≤ia (Kumar ≥t al., ′İıı).

Th≥  Philippin≥  gov≥rnm≥nt  through  R.A. 
7″İ7  b≥tt≥r  known  as  th≥  Philippin≥  Carabao 
Act  of  ı99′  ≥stablish≥≤  th≥  Philippin≥  Carabao 
C≥nt≥r (PCC) with sat≥llit≥ stations throughout th≥ 
country. It was man≤at≥≤ to ≤≥v≥lop an≤ promot≥ 

th≥  buffalo  in≤ustry  though  mo≤≥rn  br≥≥≤ing 
t≥chniqu≥s  (i.≥.,  artiicial  ins≥mination  or  AI) 
an≤  optimum  manag≥m≥nt  practic≥s.  Th≥  PCC 
≤isp≥rs≥≤  Bulgarian-Murrah  buffalo≥s  to  farm≥rs 
inclu≤ing th≥ir nativ≥ local stocks ar≥ ≤ir≥ct 
r≥cipi≥nts  of  PCC  AI  s≥rvic≥.  As  r≥pro≤uctiv≥ 
≥fici≥ncy in wat≥r buffalo≥s is notably low≥r than 
in cattl≥ (Bos taurus an≤ Bos in≤icus; Drost ′İİ7), 
this  stu≤y  was  aim≥≤  to  i≤≥ntify  putativ≥  factors 
associat≥≤  with  th≥  succ≥ss  or  failur≥  of  artiicial 
ins≥mination  of  buffalo  cows  in  Baybay  City, 
L≥yt≥, Philippin≥s.

M≥tho≤ology
Surv≥y ≤≥sign
An  unmatch≥≤  cas≥-control  stu≤y  was 

con≤uct≥≤  an≤  a≤minist≥r≥≤  using  a  writt≥n 
qu≥stionnair≥  on  farm≥r-coop≥rators  who 
ar≥  r≥cipi≥nts  of  th≥  PCC  at  VSU  AI  s≥rvic≥ 
as  r≥spon≤≥nts.  Of  th≥  76  farm≥rs  from  ′4 
r≥pr≥s≥ntativ≥  barangays,  54  cow-calf  pairs  w≥r≥ 
qualii≥≤  for  th≥  stu≤y:  ′7  cas≥s  an≤  ′7  controls. 
Th≥s≥  r≥spon≤≥nts  hav≥  ha≤  th≥ir  buffalo  cows 
br≥≤  using  AI  as  m≥tho≤  of  br≥≥≤ing  ≤uring  th≥ 
most  r≥c≥nt  br≥≥≤ing  cycl≥  as  i≤≥ntii≥≤  by  th≥ 
PCC t≥chnician.

Th≥ cow-calf pair was th≥ unit of int≥r≥st 
in this stu≤y r≥gar≤l≥ss of what br≥≥≤ an≤ numb≥r 
of  buffalo  cows  th≥  farm≥rs  own≥≤.  From  th≥ 
giv≥n  population,  cas≥s  (fail≥≤  AI)  an≤  control 
(succ≥ssful AI)  w≥r≥  ≤rawn  as  many  as  possibl≥. 
Cas≥s w≥r≥ i≤≥ntii≥≤ as thos≥ cow-calf pairs that 
hav≥ any or all of th≥ following: ı) th≥ buffalo cow 
fail≥≤  to  g≥t  pr≥gnant  at  irst  AI  att≥mpt  within 
that  sp≥ciic  br≥≥≤ing  cycl≥;  ′)  ≥ith≥r  or  both  th≥ 
≤am  an≤  th≥  calf  ≤i≥≤  within  ″  ≤ays  of  calving; 
an≤ ″) occurr≥nc≥ of parturition ≤isor≤≥rs such as 
but  not  limit≥≤  to  f≥tal  abnormaliti≥s,  ≥mbryonic 
mortality,  mummiication,  abortion,  f≥tal  ≤≥ath 
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an≤/or  ≤ystocia.  Control  cow-calf  pairs  inclu≤≥≤ 
thos≥ oth≥r than th≥ abov≥.

Construction an≤ a≤ministration of th≥ 
qu≥stionnair≥

A qu≥stionnair≥ was formulat≥≤ following 
≥xt≥nsiv≥  an≤  thorough  r≥vi≥w  of  th≥  lit≥ratur≥ 
an≤ upon clos≥ coor≤ination with assign≥≤ ≥xp≥rts 
conc≥rning  th≥  buffalo≥s’  r≥pro≤uctiv≥  ≥fici≥ncy. 
Th≥  qu≥stionnair≥  was  compris≥≤  of  thr≥≥ 
main  parts.  Th≥  irst  inclu≤≥s  th≥  ≤≥mographic 
backgroun≤ of th≥ farm≥r ≤ir≥ctly in-charg≥ of th≥ 
r≥aring  an≤  manag≥m≥nt  of  th≥  animal. This  also 
inclu≤≥s th≥ pro≤uction syst≥ms ≥mploy≥≤ ≤uring 
br≥≥≤ing/ins≥mination,  ≤uring  pr≥gnancy  an≤ 
≤uring parturition an≤ th≥ r≥pro≤uctiv≥ manag≥m≥nt 
that w≥r≥ also ≥mploy≥≤ sp≥ciic to that pr≥gnancy 
or AI cycl≥. S≥con≤ly, th≥ ins≥mination t≥chniqu≥ 
was r≥cor≤≥≤ bas≥≤ on th≥ int≥rvi≥w with th≥ PCC 
t≥chnician. This compris≥≤ th≥ ≤≥tail≥≤ proc≥≤ur≥ 
an≤  mat≥rials  us≥≤  ≤uring  AI  inclu≤ing  timing, 
numb≥r  of  ins≥minations,  s≥m≥n  us≥≤,  thawing 
proc≥≤ur≥, an≤ ≤rugs/hormon≥s giv≥n. Finally, th≥ 
g≥n≥ral cow-calf information was r≥cor≤≥≤ which 
inclu≤≥  th≥  ass≥ssm≥nt  of  th≥  cows’  r≥pro≤uctiv≥ 
p≥rformanc≥, br≥≥≤, ag≥ at br≥≥≤ing, an≤ wh≥th≥r 
probl≥ms w≥r≥ ≥ncount≥r≥≤ ≤uring parturition. Th≥ 
qu≥stionnair≥ was writt≥n in English but translat≥≤ 
in th≥ local ≤ial≥ct ≤uring th≥ con≤uct of th≥ 
int≥rvi≥w.

Data manag≥m≥nt an≤ analysis
Data  from  th≥  qu≥stionnair≥  w≥r≥ 

consoli≤at≥≤ using Microsoft Exc≥l an≤ transf≥rr≥≤ 
to a s≥ri≥s of comput≥r ≤ata il≥s. Data ≥ntry ≥rrors 
w≥r≥ i≤≥ntii≥≤ an≤ outlying valu≥s w≥r≥ compar≥≤ 
against th≥ original ≤ata coll≥ction sh≥≥ts.

Statistical  analys≥s  w≥r≥  con≤uct≥≤ 
using  Epi  Info™  v≥rsion  7.′.′.′  (C≥nt≥rs  for 

Dis≥as≥  Control  an≤  Pr≥v≥ntion,  U.S.  DHHS). 
Uncon≤itional  association  b≥tw≥≥n  th≥  failur≥  in 
AI  (≤≥p≥n≤≥nt  variabl≥)  an≤  th≥  plausibly  r≥lat≥≤ 
in≤≥p≥n≤≥nt  variabl≥s  w≥r≥  ass≥ss≥≤  for  cru≤≥ 
association using th≥ Chi-squar≥ t≥st for cat≥gorical 
in≤≥p≥n≤≥nt  variabl≥s  an≤  Kruskal-Wallis  t≥st  for 
non-normally  ≤istribut≥≤  in≤≥p≥n≤≥nt  variabl≥s 
(P≤İ.′5).  Variabl≥s  foun≤  to  hav≥  signiicant 
cru≤≥  associations  w≥r≥  ≥xamin≥≤  furth≥r  using 
th≥  backwar≤  st≥pping  logistic  r≥gr≥ssion.  All 
in≤≥p≥n≤≥nt variabl≥s foun≤ to hav≥ uncon≤itional 
association  with  th≥  ≤≥p≥n≤≥nt  variabl≥  w≥r≥ 
initially  inclu≤≥≤  in  th≥  mo≤≥l  an≤  th≥  ov≥r-all p 
valu≥  ≥valuat≥≤.  Th≥r≥aft≥r,  th≥  l≥ast  signiicant 
variabl≥s  w≥r≥  i≤≥ntii≥≤  an≤  r≥mov≥≤  from  th≥ 
mo≤≥l on≥ aft≥r th≥ oth≥r an≤ th≥ mo≤≥l was run all 
ov≥r  again. This  proc≥≤ur≥  was  r≥p≥at≥≤  until  all 
th≥ r≥maining variabl≥s in th≥ mo≤≥l an≤ th≥ ov≥r-
all r≥gr≥ssion was signiicant (P≤İ.İ5). In a≤≤ition, 
stan≤ar≤  ≤≥scriptiv≥  statistics  w≥r≥  con≤uct≥≤  for 
th≥  fam≥rs’  ≤≥mographic  backgroun≤,  pro≤uction 
syst≥ms  us≥≤,  r≥pro≤uctiv≥  manag≥m≥nt  an≤  AI 
proc≥≤ur≥. 

RESULTS

Both th≥ ag≥ of calv≥s at w≥aning an≤ th≥ 
provision  of  cow  wallow  ≤uring  pr≥gnancy  w≥r≥ 
foun≤ to support AI succ≥ss. A monthly incr≥m≥nt 
in th≥ calf w≥aning ag≥ may incr≥as≥ th≥ lik≥lihoo≤ 
of AI succ≥ss by as much as 5İ%. M≥anwhil≥, ≥v≥ry 
y≥ar incr≥m≥nt b≥yon≤ th≥ ag≥ at irst br≥≥≤ing of 
th≥ cow coul≤ pr≥≤ispos≥ th≥ animals to fail in AI 
by as much as ′.5 tim≥s wh≥n compar≥≤ to young≥r 
cows (Tabl≥ ı; P≤İ.İ5).

Of th≥ 76 farm≥r-r≥spon≤≥nts, 9″.4% w≥r≥ 
mal≥s an≤ 6.6% w≥r≥ f≥mal≥s. Most th≥ farm≥rs ≤i≤ 
not compl≥t≥ high school (9İ.8%) an≤ only 9.′% 
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r≥ach≥≤  coll≥g≥.  Majority  of  th≥  farm≥rs  (86.8%) 
w≥r≥ ≥ngag≥≤ in farming whil≥ th≥ oth≥rs (ı″.′%) 
w≥r≥  into  ishing.  Mor≥  than  half  (57.9%)  of  th≥ 
farm≥rs sp≥nt about ′ to ″ h p≥r ≤ay looking aft≥r 
th≥ir cows an≤ 4′.ı% sp≥nt mor≥ than ″ h. Majority 
of  th≥  farm≥rs  (9′.ı%)  ha≤  mor≥  than  on≥-y≥ar 
≥xp≥ri≥nc≥  in  han≤ling  th≥ir  cows.  Int≥r≥stingly, 
only ′7.6% of th≥ farm≥rs ha≤ att≥n≤≥≤ s≥minars 
r≥gar≤ing  AI.  Most  of  th≥  farm≥rs  (89.5%)  f≥lt 
coni≤≥nt  of  th≥  AI  syst≥m  (>6İ%  of  th≥  rating 
scal≥).

As  to  th≥  f≥≥≤ing  manag≥m≥nt,  most  of 
th≥  farm≥rs  practic≥≤  th≥  t≥th≥r≥≤  f≥≥≤ing  syst≥m 
(89.5%)  as  compar≥≤  to  cut  an≤  carry  (″İ.″%). 
On≥-hun≤r≥≤  p≥rc≥nt  of  th≥  cows  w≥r≥  f≥≤  with 
common grass≥s, half of th≥m w≥r≥ giv≥n untr≥at≥≤ 
straws  an≤  l≥gum≥s  in  only  ı4.5%.  Common 
grass≥s foun≤ in th≥ stu≤y ar≥as inclu≤≥≤ Carabao 
grass,  Paragrass  an≤  Napi≥r  grass.  Notably,  th≥ 
majority of th≥ cows w≥r≥ hous≥≤ un≤≥r tr≥≥s an≤ 
only  about  ′.6%  w≥r≥  k≥pt  in  th≥  sh≥≤.  All  th≥ 
animals  hav≥  acc≥ss  to  a  wallow  (riv≥rs  or  man-
ma≤≥).

Most of th≥ cows us≥≤ in this stu≤y w≥r≥ 
nativ≥  (8ı.6%)  an≤  about  ı8.4%  w≥r≥  cross≥s. 
Ins≥minations  w≥r≥  con≤uct≥≤  mostly  ≤uring 
natural  ons≥t  of  h≥at  (8ı.6%)  whil≥  ı8.4%  w≥r≥ 
in≤uc≥≤. N≥arly 95% of th≥ cows w≥r≥ ins≥minat≥≤ 
twic≥, 5.′6% thric≥ an≤ ı.″′% onc≥, con≤uct≥≤ at 

≥arly ≥strus (76.″%). Cows w≥r≥ irst br≥≤ b≥tw≥≥n 
′  to  9  y≥ars  ol≤  with  a  m≥an  of  ″.77  y≥ars  for 
control an≤ 4.5′ y≥ars for cas≥s. Cows’ ag≥ ≤uring 
th≥ AI cycl≥ wh≥n th≥ stu≤y was con≤uct≥≤ rang≥s 
from ′ to ı5 y≥ars with a m≥an of 7.98 an≤ 6.ıİ 
y≥ars  for  control  for  cas≥s,  r≥sp≥ctiv≥ly.  Mostly 
(84.56%),  farm≥rs  ≤i≤  not  giv≥  any  assistanc≥  to 
th≥ cow ≤uring calving. 

S≥m≥n us≥≤ for ins≥mination mainly cam≥ 
from froz≥n-thaw≥≤ s≥m≥n from Bulgarian Murrah 
buffalo  (BMB)  bulls.  T≥mp≥ratur≥  an≤  thawing 
tim≥ w≥r≥ ≥ith≥r at ″8oC for ı5 s≥con≤s or at 7İoC 
for  4.5  s≥con≤s,  r≥sp≥ctiv≥ly.  Most  of  th≥  PCC 
t≥chnicians ≤≥posit≥≤ th≥ s≥m≥n at th≥ lat≥ c≥rvix 
(8İ.″%)  an≤  took  about  ı  to  ″  s≥con≤s  (8ı.6%) 
to  compl≥t≥ly  r≥l≥as≥  th≥  full  s≥m≥n  from  th≥ AI 
instrum≥nt.

DISCUSSION

Poor  br≥≥≤ing  ≥fici≥ncy  is  oft≥n  cit≥≤ 
a  major  obstacl≥  that  l≥a≤s  to  a  low≥r  pro≤uction 
pot≥ntial in wat≥r buffalo≥s (Bubalus bubalis) than 
in cattl≥ (Bos taurus an≤ Bos in≤icus). N≥v≥rth≥l≥ss, 
≤≥spit≥  many  factors  that  hamp≥r  r≥pro≤uctiv≥ 
succ≥ss  in  wat≥r  buffalo≥s  inclu≤ing  s≥asonality, 
poor ≥xpr≥ssion of ≥strus an≤ long calving int≥rval, 
its  r≥pro≤uctiv≥  pot≥ntial  can  b≥  signiicantly 

Tabl≥ ı. Logistic r≥gr≥ssion showing pr≥≤ictor variabl≥s uncon≤itionally associat≥≤ with failur≥ in artiicial 
ins≥mination of buffalo cows.

Pr≥≤ictor variabl≥s O≤≤s ratio 95% C.I. Co≥fici≥nt S.E. P-valu≥minimum maximum
Cow ag≥ at irst br≥≥≤ing ′.5″84 ı.ı49″ 5.6İ6′ İ.9″ı5 İ.4İ4″ İ.İ′ı′
Calf ag≥ at w≥aning İ.4749 İ.″′ı9 İ.7İİ6 -İ.7446 İ.ı984 İ.İİİ′
Cow  wallow  provision 
≤uring pr≥gnancy İ.İİ59 İ.İİİ′ İ.ı945 -5.ı′44 ı.779ı İ.İİ4İ
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improv≥≤ (Gwaz≤auskas ≥t al., ı98ı; Drost ′İİ7). 
This  can  b≥  accomplish≥≤  following  ≥stablish≥≤ 
r≥pro≤uctiv≥ manag≥m≥nt t≥chniqu≥s us≥≤ in cattl≥ 
giv≥n  th≥  vast  similariti≥s  in  th≥  anatomy  an≤ 
physiology of th≥ r≥pro≤uctiv≥ syst≥ms b≥tw≥≥n th≥ 
two sp≥ci≥s (Drost, ′İİ7). Our stu≤y ≤≥monstrat≥≤ 
that th≥ ag≥ of buffalo cows at irst br≥≥≤ing must 
b≥  consci≥ntiously  consi≤≥r≥≤  to  allow  optimal 
s≥xual an≤ physical maturity of th≥ br≥≥≤ing cows. 
Mor≥ov≥r,  consi≤≥ring  th≥  f≥≥≤ing  practic≥≤  in 
smallhol≤≥r cow-cal op≥rations, calv≥s shoul≤ b≥ 
giv≥n  sufici≥nt  tim≥  to  grow  an≤  matur≥  b≥for≥ 
w≥aning is initiat≥≤. Th≥ provision of cow wallow 
≤uring  pr≥gnancy  may  also  provi≤≥  b≥n≥icial 
≥ff≥cts to mitigat≥ pot≥ntial impacts of h≥at str≥ss 
on th≥ r≥pro≤uctiv≥ h≥alth of buffalo cows.

Th≥ signiicant impact of th≥ ag≥ of buffalo 
cows  at  irst  br≥≥≤ing  puts  a  gr≥at≥r  ≥mphasis  on 
th≥  appropriat≥  s≥xual  an≤  physical  maturity 
of  animals  n≥≥≤≥≤  to  succ≥ssfully  carry  out 
pr≥gnancy  consi≤≥ring  that  buffalo≥s  hav≥  lat≥r 
ons≥t  of  pub≥rty  than  cattl≥  (Drost,  ′İİ7).  Whil≥ 
irst  calving  in  buffalo≥s  is  possibl≥  as  ≥arly  as 
″9  months  (Tonhati ≥t al.,  ′İİİ)  with  an  av≥rag≥ 
of  5″.88αİ.48  months  in  Murrah  an≤  5ı.5ıαı.ı8 
months  in  Surti  buffalo≥s  (Gogoi ≥t al.,  ′İİ′), 
≤≥laying irst pr≥gnancy until th≥ animal is matur≥ 
≥nough  an≤  hav≥  attain≥≤  an  optimal  br≥≥≤ing 
w≥ight  woul≤  ultimat≥ly  favour  conc≥ption  rat≥s 
an≤  thus AI  succ≥ss  (Col≥man ≥t al.,  ı985).  Our 
r≥sults sugg≥st that th≥ ol≤≥r th≥ buffalo cows, th≥ 
high≥r  is  th≥  lik≥lihoo≤  to  fail  in AI  by  as  much 
as  ′.5  in  ≥v≥ry  y≥ar  incr≥m≥nt.  This  amount  of 
tim≥ at irst br≥≥≤ing as s≥≥n in our r≥sults app≥ar 
to  support  th≥  r≥port  of  Nan≤a ≥t al.  (′İİ″) 
saying  that  a  larg≥  proportion  of  buffalo  h≥if≥rs 
r≥ach  pub≥rty  at  ″  to  5  y≥ars  of  ag≥  (Nan≤a  an≤ 
Nakao,  ′İİ″).  Sinc≥  ag≥  at  irst  calving  trait  has 
a  low  ≥stimat≥  of  h≥ritability  (S≥no ≥t al.,  ′İıİ), 

our  r≥sults  impli≥s  that  manag≥m≥nt  strat≥gi≥s 
inclu≤ing ju≤icious provision of balanc≥≤ nutrition 
an≤  th≥  us≥  of  p≥rformanc≥  mo≤ii≥rs  might  b≥ 
h≥lpful  in  promoting  maturity  of  buffalo  cows  as 
pr≥viously ≤≥scrib≥≤ both in buffalo≥s an≤ Sahiwal 
cows (Bhatti ≥t al., ′İİ7).

It  app≥ars  that  buffalo≥s  ar≥  ≥sp≥cially 
attract≥≤  to  wat≥r  an≤  hav≥  b≥≥n  obs≥rv≥≤  to 
wallow  b≥tw≥≥n  ıİ  am  an≤  ″  pm  wh≥r≥  wat≥r  is 
availabl≥, although buffalo≥s may wallow anytim≥ 
in  th≥  pr≥s≥nc≥  of  s≥v≥r≥  ins≥ct  attack  (Tulloch 
an≤  Litchi≥l≤,  ı98ı).  It  is  not  ≥asily  un≤≥rstoo≤ 
how  th≥  provision  of  wallow  ≤uring  pr≥gnancy 
is  associat≥≤  with  th≥  succ≥ss  of  artiicial 
ins≥mination as obs≥rv≥≤ in our stu≤y but p≥culiar 
f≥atur≥s of buffalo≥s such as ≤ark skin, spar≥ hair 
coat an≤ poor sw≥ating ability mak≥ th≥s≥ animals 
particularly  susc≥ptibl≥  to  th≥  ≥ff≥cts  of  ≤ir≥ct 
solar ra≤iation (Ahma≤ an≤ Tariq, ′İıİ; Marai an≤ 
Ha≥≥b, ′İıİ). Such con≤itions may pr≥≤ispos≥ th≥ 
buffalo≥s  to  hormonal  imbalanc≥s,  r≥≤uc≥≤  f≥≥≤ 
≥fici≥ncy  an≤  utilization  an≤  issu≥s  associat≥≤ 
with r≥pro≤uctiv≥ p≥rformanc≥ (Ahma≤ an≤ Tariq, 
′İıİ). It has b≥≥n r≥port≥≤ that ≤uring hot s≥ason, 
buffalo≥s  may  suff≥r  from  ≤isruption  in  ovarian 
cyclicity  l≥a≤ing  ′İ  to  8İ%  ano≥strus  (Nan≤a ≥t 
al., ′İİ″). How≥v≥r, buffalo≥s having acc≥ss to a 
wallow hav≥ b≥≥n ≤≥monstrat≥≤ to hav≥ incr≥as≥≤ 
f≥≥≤  intak≥  an≤  milk  yi≥l≤  (Aggarwal  an≤  Singh, 
′İıİ). Th≥s≥ b≥n≥icial ≥ff≥cts may b≥ associat≥≤ 
with  an  incr≥as≥  in  th≥  av≥rag≥  plasma  T4  an≤ 
insulin  l≥v≥ls  in  buffalo≥s  wallowing  in  a  wat≥r 
pon≤ than thos≥ provi≤≥≤ with wat≥r show≥rs only 
≤uring hot-≤ry s≥ason (THI of 8″.6) as w≥ll as T″ 
l≥v≥ls  ≤uring  th≥  hot-humi≤  s≥asons  (Aggarwal 
an≤  Singh,  ′İıİ).  Mor≥ov≥r,  wallowing  was 
≤≥monstrat≥≤ to b≥ an ≥ff≥ctiv≥ m≥tho≤ of cooling 
by cutan≥ous ≥vaporation (Khong≤≥≥ ≥t al., ′İıı). 
It  was  shown  that  skin  an≤  r≥ctal  t≥mp≥ratur≥s 
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w≥r≥ low≥r in th≥ wallow group compar≥≤ to thos≥ 
with  wat≥r  show≥rs  (Aggarwal  an≤  Singh,  ′İİ8) 
although  r≥ctal  t≥mp≥ratur≥  ≤i≤n’t  ≤iff≥r  b≥tw≥≥n 
buffalo≥s  in  wallow  than  thos≥  in  sha≤≥  (Tulloch 
an≤ Litchi≥l≤, ı98ı). 

Pr≥-w≥aning mortality in calv≥s is ≤ir≥ctly 
corr≥lat≥≤  with  poor  nutrition  in  th≥  br≥≥≤ing 
f≥mal≥s  (McD≥rmott ≥t al.,  ′İıİ). As  farm≥r  co-
op≥rators may hav≥ varying ≤≥gr≥≥ of manag≥m≥nt, 
sup≥rvision  of  labor  an≤  availabl≥  f≥≥≤  supply, 
our  r≥sults  sugg≥st  that  buffalo  farm≥rs  n≥≥≤  to 
provi≤≥ ≥nough tim≥ for calv≥s to buil≤ sufici≥nt 
bo≤y  r≥s≥rv≥s  b≥for≥  w≥aning  sinc≥  ≥v≥ry  y≥ar 
incr≥m≥nt  in  th≥  w≥aning  ag≥  may  r≥≤uc≥  th≥ 
lik≥lihoo≤ of AI failur≥ by as much as 5İ%. Whil≥ 
th≥ av≥rag≥ w≥aning w≥ight in Nili-Ravi buffalo≥s 
hav≥ b≥≥n r≥port≥≤ to b≥ 66.ı′α9.ı6 kg at 9İ ≤ays 
(Akhtar ≥t al., ′İı′), th≥r≥ app≥ars to hav≥ s≥v≥ral 
factors  that  can  aff≥ct  calv≥s  in  attaining  optimal 
w≥aning  w≥ight.  Th≥s≥  inclu≤≥  y≥ar  of  birth  in 
Swamp  buffalo  (Th≥vamanoharan ≥t al.,  ′İİı), 
y≥ar an≤ s≥ason of birth in rang≥≤ Mashona cattl≥ 
(Tawon≥zvi, ı989) an≤ th≥ ag≥ of ≤am (Akhtar ≥t 
al., ′İı′). 

In  conclusion,  our  stu≤y  foun≤  that  th≥ 
ag≥  at  irst  br≥≥≤ing  must  b≥  consci≥ntiously 
consi≤≥r≥≤  to  allow  optimal  s≥xual  an≤  physical 
maturity of th≥ br≥≥≤ing cows whil≥ ≥nsuring that 
irst br≥≥≤ing ≤o≥s not occur with too much ≤≥lay. 
Calv≥s  also  shoul≤  b≥  allow≥≤  ≥nough  tim≥  to 
grow an≤ matur≥ b≥for≥ w≥aning is initiat≥≤ whil≥ 
provision  of  wallow  ≤uring  pr≥gnancy  may  also 
provi≤≥ b≥n≥icial ≥ff≥cts on th≥ br≥≥≤ing cows that 
woul≤ support AI succ≥ss. 
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Original Articl≥

ABSTRACT

This stu≤y compar≥≤ th≥ ≥ff≥ct of 
kissp≥ptin-ıİ or GnRH a≤ministration on LH 
r≥l≥as≥ in swamp buffalo ≤uring th≥ lut≥al phas≥ 
of th≥ ≥strous cycl≥. Six animals w≥r≥ tr≥at≥≤ with 
a singl≥ intrav≥nous inj≥ction of ı,İİİ pmol/kg 
b.w. of Kissp≥ptin-ıİ or a singl≥ intramuscular 
inj≥ction of ıİ µg/cow of GnRH agonist bus≥r≥lin. 
For plasma LH analysis bloo≤ sampl≥s w≥r≥ 
coll≥ct≥≤ ≥v≥ry ı5 minut≥s, ı h b≥for≥ an≤ 6 hour 
aft≥r kissp≥ptin-ıİ an≤ GnRH a≤ministration. 
An incr≥as≥ in LH plasma conc≥ntrations was 
obs≥rv≥≤ aft≥r GnRH a≤ministration but not aft≥r 
kissp≥ptin-ıİ a≤ministration. Th≥ r≥sults of this 
stu≤y in≤icat≥ that ≤uring th≥ lut≥al phas≥ of th≥ 
≥strous cycl≥, a≤ministration of GnRH, but not 
Kissp≥ptin-ıİ, stimulat≥ LH s≥cr≥tion. 

K≥ywor≤s: Bubalus bubalis, buffalo, Kissp≥tin-ıİ, 
GnRH, LH, prog≥st≥ron≥, swamp buffalo

INTRODUCTION

In wat≥r buffalo cows, as in oth≥r 
≤om≥stic animals, att≥mpts to control follicular 
≤≥v≥lopm≥nt ≤uring th≥ ≥strous cycl≥ hav≥ b≥≥n 
th≥ subj≥ct of s≥v≥ral stu≤i≥s. How≥v≥r, in buffalo, 

th≥ n≥uro≥n≤ocrin≥ m≥chanisms that control 
th≥ r≥pro≤uctiv≥ axis is not y≥t w≥ll known (El-
Wishy, ′İİ7; Qur≥shi an≤ Ahma≤, ′İİ8). B≥tt≥r 
un≤≥rstan≤ing of th≥ m≥chanisms r≥gulating th≥ 
activity of th≥ hypothalamic-pituitary-ovarian 
(HPO) axis woul≤ contribut≥ to th≥ improv≥m≥nt 
of f≥rtility or to th≥ ≤≥v≥lopm≥nt of nov≥l ag≥nts 
that woul≤ control r≥pro≤uctiv≥ activity.

In  buffalo,  gona≤otropin-r≥l≥asing  
hormon≥ (GnRH) plays a pivotal rol≥ in controlling 
r≥pro≤uctiv≥ functions an≤ GnRH a≤ministration 
in≤uc≥s LH s≥cr≥tion with a stimulating ≥ff≥ct 
on ovarian activity (Chaikhun ≥t al., ′İıİ; Nasir 
≥t al., ı986; Singh ≥t al., ı984). R≥c≥ntly, it has 
b≥≥n obs≥rv≥≤ that Kissp≥ptin-ıİ pro≤uc≥≤ by th≥ 
hypothalamic n≥urons an≤ Kissp≥tin-ıİ r≥c≥ptors 
ar≥ highly ≥xpr≥ss≥≤ in GnRH n≥urons (Irwig ≥t 
al., ′İİ4; Smith ≥t al., ′İıı). Th≥r≥for≥, th≥s≥ 
n≥urons ar≥ consi≤≥r≥≤ to b≥ a mast≥r r≥gulator 
of r≥pro≤uction in many mammalian sp≥ci≥s 
(Oakl≥y ≥t al., ′İİ9; Okamura ≥t al., ′İı″; 
M≥ssang≥r ≥t al., ′İİ5; Hashizum≥ ≥t al., ′İıİ; 
Tanaka ≥t al., ′İı′). In≤≥≥≤, it has b≥≥n shown that 
Kissp≥ptin-ıİ a≤ministration can stimulat≥ GnRH 
an≤ LH s≥cr≥tion in rats (Irwig ≥t al., ′İİ4), mic≥ 
(Gottsch ≥t al., ′İİ4; M≥ssang≥r ≥t al., ′İİ5), 
humans (Dhillo ≥t al., ′İİ7; G≥org≥ ≥t al., ′İı′; 
Jayas≥na ≥t al., ′İı5), sh≥≥p (Caraty ≥t al., ′İİ7), 
goats (Hashizum≥ ≥t al., ′İıİ; Matsui ≥t al., ′İİ4), 

COMPARISON OF THE EFFECTS OF KISSPEPTIN-ıİ OR GNRH ON LUTEINIZING 
HORMONE SECRETION DURING THE LUTEAL PHASE OF THE 

OESTROUS CYCLE IN SWAMP BUFFALO COWS
T. Chaikhun-Marcouı, P. Sotthiban≤huı, W. Suthikrai′, R. Jintana′, 

P. Makoom′, S. Sua≤song′ an≤ F. D≥ R≥nsis″,*

ıFaculty of V≥t≥rinary M≥≤icin≥, Mahanakorn Univ≥rsity of T≥chnology, Bangkok, Thailan≤
′Faculty of V≥t≥rinary Sci≥nc≥, Chulalongkorn Univ≥rsity, Bangkok, Thailan≤
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cattl≥ (Ka≤okawa ≥t al., ′İİ8; Whitlock ≥t al., 
′İİ8; Ezzat ≥t al., ′İİ9, ′İıİ), riv≥r-typ≥ buffalo 
(Mac≥≤o ≥t al., ′İı4) an≤ is abl≥ to in≤uc≥ ovarian 
activity an≤ ovulation (Caraty ≥t al., ′İİ7, Matsui 
≥t al., ′İİ4; S≥b≥rt ≥t al., ′İıİ).

R≥c≥nt ≤ata in vitro ≤ata show in buffalo 
th≥ pr≥s≥nc≥ of kissp≥ptin-ıİ r≥c≥ptor ≥xpr≥ssion in 
GnRH n≥urons (Chaikhun ≥t al., ′İı6; Chaikhun-
Marcou ≥t al., ′İı6; Chaikhun-Marcou ≥t al., ′İı8) 
an≤ th≥r≥for≥ has b≥≥n sugg≥st≥≤ that ≥xog≥nous 
a≤ministration of Kissp≥ptin-ıİ coul≤ in≤uc≥ LH 
r≥l≥as≥ an≤ can stimulat≥ ovarian activity. 

Th≥ aim of this stu≤y has b≥≥n to inv≥stigat≥ 
if kissp≥tin-ıİ a≤ministration can in≤uc≥ LH 
r≥l≥as≥ ≤uring th≥ lut≥al phas≥ of o≥strous cycl≥, 
wh≥n th≥ plasma prog≥st≥ron≥ conc≥ntrations ar≥ 
high. an≤ inv≥stigat≥ if this ≥ff≥ct is ≤iff≥r≥nt with 
GnRH a≤ministration. If this hypoth≥sis is corr≥ct, 
th≥n th≥ us≥ of kissp≥tin-ıİ can b≥ consi≤≥r≥≤ for 
controlling th≥ ≥strous cycl≥ in swamp buffalo. 

MATERIAL AND METHODS

Ethical approval ≤≥tail 
This proj≥ct has b≥≥n r≥vi≥w≥≤ an≤ 

approv≥≤ by th≥ C≥rtiication of Institutional Animal 
Car≥ an≤ Us≥ Committ≥≥ (IACUC) in accor≤anc≥ 
with Chulalongkorn Univ≥rsity Animal Car≥ an≤ 
Us≥ Committ≥≥ r≥gulations an≤ polici≥s gov≥rning 
th≥ car≥ an≤ us≥ of laboratory animals. Th≥ Animal 
us≥ protocol an≤ approval numb≥r is ı″″ıİİİ7. 
Th≥ r≥vi≥w follow≥≤ th≥ gui≤≥lin≥s ≤ocum≥nt≥≤ 
in Ethical Principl≥s an≤ Gui≤≥lin≥s for th≥ Us≥ 
of Animals  for  Sci≥ntiic  Purpos≥s,  ≥≤it≥≤  by  th≥ 
National R≥s≥arch Council of Thailan≤.

Animals an≤ tr≥atm≥nt
Six h≥althy swamp buffalo cows (Bubalus 

bubalis) b≥tw≥≥n th≥ ag≥s of 4 an≤ 6 y≥ars 
(≤≥t≥rmin≥≤ by using th≥ ≤≥ntal ag≥ ≥stimation 
t≥chniqu≥; Moran, ı99′) with a m≥an bo≤y w≥ight 
″6İ kg w≥r≥ s≥l≥ct≥≤ for this stu≤y. Th≥ ≥xp≥rim≥nt 
was ≤on≥ b≥tw≥≥n D≥c≥mb≥r ′İı6 an≤ F≥bruary 
′İı7.

During th≥ ≥xp≥rim≥ntal p≥rio≤ th≥ animals 
w≥r≥ hous≥≤ in in≤ivi≤ual p≥ns an≤ f≥≤ fr≥sh grass 
an≤  hay  an≤  allow≥≤  to  graz≥  fr≥≥ly  in  th≥  i≥l≤s 
an≤ bath in th≥ ar≥a’s natural poun≤s.

To allow fr≥qu≥nt bloo≤ sampling for 
LH  ≤≥t≥rmination,  all  cows  w≥r≥  itt≥≤  with  an 
in≤w≥lling jugular v≥in cath≥t≥r 4 to 6 h b≥for≥ th≥ 
start of bloo≤ sampling.

Th≥ buffalo w≥r≥ tr≥at≥≤ ≤uring th≥ 
mi≤lut≥al phas≥ of th≥ ≥strous cycl≥ (i.≥. ≤ay ıİ to 
ıı from ≥strus). Evaluation of th≥ lut≥al phas≥ of 
th≥ ≥strous cycl≥ was ≤≥t≥rmin≥≤ by ≤≥t≥ction of 
≥strus. Estrus was ≤≥t≥ct≥≤ by visual obs≥rvation 
twic≥ a ≤ay. Th≥ lut≥al phas≥ was also conirm≥≤ 
by ultrasoun≤ ≥valuation of th≥ corpus lut≥um 
morphology an≤  conirm≥≤,  r≥trosp≥ctiv≥ly, 
by th≥ ≤≥t≥rmination of prog≥st≥ron≥ plasma 
conc≥ntrations.

During th≥ lut≥al phas≥ of o≥strous 
cycl≥, ≥ach animal r≥c≥iv≥≤ a singl≥ intrav≥nous 
a≤ministration in th≥ jugular v≥in of kissp≥ptin-ıİ 
(human m≥tastin 45 to 54 (YNWNSFGLRF-
NH′), 4″89-V′, P≥pti≤≥ Institut≥ Inc., Osaka, 
Japan) consisting of ı,İİİ pmol/kg b.w. or ı.″ µg/
kg b.w. p≥r ≤os≥ ≤issolv≥≤ in ′ ml ≤istill≥≤ wat≥r 
(Chaikhun-Marcou ≥t al., ′İı4). This m≥tho≤ of 
a≤ministration was chos≥n bas≥≤ on sugg≥stion 
that p≥riph≥ral a≤ministration of kissp≥ptin-ıİ 
woul≤ not allow all th≥ kissp≥ptin-ıİ to pass th≥ 
bloo≤-brain barri≥r (≤’Angl≥mont ≤≥ Tassigny 
≥t al., ′İıİ; Ezzat ≥t al., ′İıİ; Suzuki ≥t al., 
′İİ8) an≤ was calculat≥≤ on th≥ basis of pr≥vious 
stu≤i≥s in ovari≥ctomiz≥≤ cows (Whitlock ≥t al., 
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′İİ8). To t≥st th≥ ≥ff≥ct of GnRH a≤ministration, 
to ≥ach animal was giv≥n a singl≥ intramuscular 
inj≥ction of ıİ µg GnRH (Bus≥r≥lin, R≥c≥ptal, 
Int≥rv≥t, N≥th≥rlan≤s) ≤uring th≥ lut≥al phas≥ ofth≥ 
following ≥struos cycl≥ in which was a≤minist≥r≥≤ 
kissp≥ptin.

Bloo≤ sampl≥ coll≥ction
Bloo≤ was coll≥ct≥≤ at ı5 minut≥s 

int≥rvals ı h b≥for≥ an≤ for 6 h aft≥r Kisp≥ptin-ıİ 
or GnRH a≤ministration. Aft≥r c≥ntrifugation at 
″İİİ x g for 5 minut≥s, plasma was harv≥st≥≤ an≤ 
stor≥≤ at -′İοC until analysis for plasma LH an≤ 
prog≥st≥ron≥ conc≥ntrations w≥r≥ ≥ff≥ctuat≥≤. 

LH an≤ prog≥st≥ron≥ ≤≥t≥rmination
Plasma sampl≥s w≥r≥ m≥asur≥≤ for 

LH conc≥ntrations by a comm≥rcial ≥nzymatic 
immunoassay t≥st kit (EIA) (LH DETECT for 
Buffalo, R≥propharm, Franc≥), following th≥ 
kit’s instruction. Th≥ LH intra- an≤ int≥r-assay 
co≥fici≥nts of variation w≥r≥ ″′.ı6% an≤ ″9.5″%, 
r≥sp≥ctiv≥ly an≤ th≥ s≥nsitivity was İ.′5 ng/ml.

Plasma prog≥st≥ron≥ conc≥ntration was 
analyz≥≤ by ra≤ioimmunoassay (RIA). Th≥ 
prog≥st≥ron≥  intra-  an≤  int≥r-assay  co≥fici≥nts  of 
variation w≥r≥ 7.7 an≤ ı″.9, r≥sp≥ctiv≥ly an≤ th≥ 
s≥nsitivity was İ.İı ng/ml. 

Statistical analysis 
 Th≥ ≥ff≥ct of tr≥atm≥nt on LH plasma 
conc≥ntrations w≥r≥ t≥st≥≤ for p≥rio≤ (pr≥- or post-
tr≥atm≥nt), an≤ tr≥atm≥nt by p≥rio≤ int≥raction 
using ANOVA proc≥≤ur≥s for r≥p≥at≥≤ m≥asur≥s. 
Th≥ LH ≤ata in ≥ach tr≥atm≥nt group w≥r≥ pr≥s≥nt≥≤ 
as m≥anαSEM. L≥v≥l of signiicant was P<İ.İ5. 

RESULTS

 Th≥ LH plasma proil≥ for ≥ach cow aft≥r 
Kissp≥tin-ıİ or GnRH analogu≥ a≤ministration is 
r≥pr≥s≥nt≥≤ in Figur≥ ı an≤ Figur≥ ′, r≥sp≥ctiv≥ly. 
Aft≥r Kissp≥tin-ıİ a≤ministration, th≥r≥ was 
no incr≥as≥ in LH m≥an conc≥ntrations ≤uring 
th≥ whol≥ sampling tim≥ wh≥r≥as aft≥r GnRH 
a≤ministration m≥an plasma LH conc≥ntrations 
signiicantly  incr≥as≥≤  (P<İ.İ5)  b≥ginning  about 
″İ minut≥s aft≥r tr≥atm≥nt an≤ lasting for about 
ı″İ minut≥s (Figur≥ ′). Th≥ m≥an plasma LH 
conc≥ntrations  w≥r≥  gr≥at≥r  (P<İ.İ5)  for  th≥ 
irst  ″  h  aft≥r  GnRH  compar≥≤  to  Kissp≥ptin-ıİ 
a≤ministration (Figur≥ ″). 

DISCUSSION

Kissp≥ptin-ıİ a≤ministration stimulat≥s 
LH s≥cr≥tion in humans (Jayas≥na ≥t al., ′İı5), 
f≥mal≥ rats (A≤achi ≥t al., ′İİ7), pr≥pub≥rtal 
h≥if≥rs (Ka≤okawa ≥t al., ′İİ8), ovari≥ctomiz≥≤ 
≥w≥s (Caraty ≥t al., ′İİ7), ovari≥ctomiz≥≤ cows 
(Whitlock ≥t al., ′İİ8) an≤ ovari≥ctomiz≥≤ riv≥r 
buffalo (Mac≥≤o ≥t al., ′İı4). S≥cr≥tion of LH 
aft≥r Kissp≥tin-ıİ a≤ministration is r≥≤uc≥≤ wh≥n 
compar≥≤ to GnRH a≤ministration. How≥v≥r, th≥ 
int≥raction b≥tw≥≥n prog≥st≥ron≥ an≤ kissp≥tpin-ıİ 
≥ff≥ct on GnRH an≤ LH s≥cr≥tion has b≥≥n not 
clarii≥≤. In on≥ stu≤y in goats (Hashizum≥ ≥t al., 
′İıİ) ≤uring th≥ lut≥al phas≥ of ≥strous cycl≥, th≥r≥ 
was an incr≥as≥ in LH s≥cr≥tion aft≥r Kissp≥ptin-ıİ 
a≤ministration, but low≥r compar≥≤ to GnRH. 
Our  stu≤y  is  th≥  irst  to  ≥xamin≥  th≥  ≥ff≥ct  of 
Kissp≥ptin-ıİ on LH s≥cr≥tion in th≥ pr≥s≥nc≥ of 
≥l≥vat≥≤ prog≥st≥ron≥ palsma conc≥ntrations, as it 
occurs ≤uring th≥ lut≥al phas≥ of th≥ ≥strous cycl≥. 
Th≥ r≥sults show that kissp≥tin-ıİ ≤o≥s not in≤uc≥ 
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Figur≥ ″. R≥spons≥ of circulating LH (m≥an α SEM) in swamp buffalo ≤uring th≥ lut≥al phas≥ of th≥ o≥strous 
cycl≥  aft≥r  a≤ministration  of  Kissp≥ptin  or  GnRH.  *in≤icat≥  ≤iff≥r≥nc≥s  (P<İ.İ5)  in  m≥an  LH 
b≥tw≥≥n tr≥atm≥nts.

any signiicant LH r≥l≥as≥ in pr≥s≥nc≥ of ≥l≥vat≥≤ 
plasma conc≥ntrations of prog≥st≥ron≥. Th≥ 
≤iff≥r≥nc≥ b≥tw≥≥n stu≤i≥s is ≤ificult to ≥xplain≥≤ 
but coul≤ b≥ r≥lat≥≤ to th≥ sp≥ci≥s utiliz≥≤ (swamp 
buffalo vs goats) an≤ th≥ ≤os≥ utiliz≥≤ b≥caus≥ w≥ 
inj≥ct≥≤ ı.″ µg/kg b.w compar≥ 5,İ µg/kg b.w. ≤os≥ 
of Kissp≥ptin in Hashizum≥ ≥t al. (′İıİ) stu≤y.

Th≥ fact that in ov≥ri≥ctomiz≥≤ cows th≥ 
maximum LH-r≥l≥asing ≥ff≥ct to th≥ i.v. inj≥ction 
of Kpıİ was obs≥rv≥≤ at İ.ı″ µg /kg b.w. (Whitlock 
≥t al., ′İİ8). How≥v≥r, Whitlock ≥t al. (′İİ8) 
stu≤y w≥r≥ utiliz≥≤ ovari≥ctomiz≥≤ cows whil≥ in 
our stu≤y w≥ utiliz≥≤ cows ≤uring th≥ lut≥al phas≥ 
of ≥strous cycl≥.

In conclusion, our stu≤y in≤icat≥ that 
GnRH, but not Kissp≥ptin-ıİ a≤ministration ≤uring 
th≥ lut≥al phas≥ of th≥ ≥strous cycl≥ can stimulat≥ 
LH s≥cr≥tion.
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ABSTRACT

Outcom≥ of bovin≥ tub≥rculosis (bTB), an 
inf≥ctious ≤is≥as≥ caus≥≤ by Mycobact≥rium bovis, 
is  inlu≥nc≥≤  by  host  g≥n≥tic  backgroun≤.  For 
this  r≥ason,  polymorphism  ≤iscov≥ry  association 
stu≤i≥s  ar≥  a  pow≥rful  tool  for  s≥l≥ctiv≥  br≥≥≤ing 
h≥lping  ≤is≥as≥  control.  Int≥rl≥ukin-ıİ  (IL-ıİ)  is 
a  r≥gulatory  cytokin≥  pro≤uc≥≤  by  ≤if≥r≥nt  c≥lls 
an≤  in≥-tun≥  immun≥  r≥spons≥  to  bTB.  Thus,  in 
this  r≥s≥arch,  w≥  ≥valuat≥≤  th≥  rol≥  of  th≥  singl≥ 
nucl≥oti≤≥  polymorphism  g.4İİ′C>T  in  IL-ıİ 
g≥n≥  for  susc≥ptibility  to  bTB  in  M≥≤it≥rran≥an 
wat≥r  bufalo.  W≥  charact≥riz≥≤  ı84  animals 
group≥≤ in cas≥s an≤ controls an≤ ≤≥monstrat≥≤ that 
homozygous  subj≥cts  TT  ar≥  about  ″  tim≥s  mor≥ 
susc≥ptibl≥ to bTB compar≥≤ to CC homozygous. 
In≤≥≥≤ this polymorphism is r≥sponsibl≥ of amino 
aci≤  substitution  p.  (Thr  ı75  M≥t)  in  th≥  primary 
prot≥in  s≥qu≥nc≥  which  af≥cts  prot≥in  s≥con≤ary 
structur≥.  This  polymorphism  might  r≥pr≥s≥nt 
a  vali≤  tool  for  mark≥r  assist≥≤  s≥l≥ction  against 
bovin≥ tub≥rculosis in wat≥r bufalo.

K≥ywor≤s: Bubalus bubalis,  bufalo,  g≥n≥ 
polymorphisms,  int≥rl≥ukin-ıİ,  bovin≥ 
tub≥rculosis, Italy

INTRODUCTION

Int≥rl≥ukin-ıİ  (IL-ıİ)  is  a  r≥gulatory 
cytokin≥ pro≤uc≥≤ by ≤if≥r≥nt innat≥ an≤ a≤aptiv≥ 
immun≥  c≥lls  ≤uring  bovin≥  tub≥rculosis  (bTB) 
(Dorhoi  an≤  Kaufmann,  ′İı6)  an  inf≥ctious 
≤is≥as≥ caus≥≤ by Mycobat≥rium bovis. M. bovis is 
th≥  causativ≥ ag≥nt  of  bovin≥  tub≥rculosis (bTB), 
an inf≥ctious ≤is≥as≥ ≥n≤≥mic in many countri≥s 
(Marassi ≥t al., ′İİ9; M≥≤≥iros ≥t al., ′İıİ; Laiss≥ 
≥t al.,  ′İıı)  wh≥r≥  is  r≥sponsibl≥  of  ≥conomic 
loss≥s an≤ i still consi≤≥r≥≤ a risk factor for humans 
(Humbl≥t ≥t al.,  ′İİ9;  Laiss≥ ≥t al.,  ′İıı).  Th≥ 
int≥raction of M. bovis with its hosts is long-≤at≥≤ 
(Alvar≥z ≥t al.,  ′İİ9)  an≤  is  th≥r≥for≥  plausibl≥ 
assuming  that  th≥ir  co-≥volution  (r≥ciprocal 
a≤aptation) inlu≥nc≥≤ th≥ g≥nom≥s of th≥ pathog≥n 
as w≥ll as that of its hosts. Th≥ g≥n≥tic mak≥up of 
th≥  host  may  th≥r≥for≥  r≥asonably  plays  a  crucial 
rol≥  in  th≥  r≥sistanc≥  to  th≥  pathog≥n.  S≥l≥ctiv≥ 
br≥≥≤ing for ≤is≥as≥-r≥sistant g≥notyp≥s r≥pr≥s≥nts 
th≥r≥for≥  an  approach  supporting  ≤is≥as≥  control 
(Bishop an≤ MacK≥nzi≥, ′İİ″; P≥rsson an≤ Vanc≥, 
′İİ7). For ≥xampl≥, SNPs locat≥≤ within th≥ LRR 
≤omain  of Toll-lik≥  r≥c≥ptors  ′  (TLR′), Toll-lik≥ 
r≥c≥ptors 4 (TRL4) an≤ Tool-lik≥ r≥c≥ptors 9 (TRL9) 
conf≥r r≥sistanc≥ to M. bovis (Alfano ≥t al., ′İı4). 
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Mor≥ov≥r, th≥ sam≥ stu≤y i≤≥ntii≥≤ thr≥≥ g≥n≥tic 
polymorphisms - locat≥≤ in th≥ solut≥ carri≥r family 
7 m≥mb≥r ı″ (SLC7Aı″); th≥ Int≥rl≥ukin-ı alpha 
(ILıa); an≤ th≥ D≥l≥t≥≤ Malignant Brain Tumours 
ı  (DMBTı)  g≥n≥s  -  associat≥≤  with M. bovis 
inf≥ction in th≥ African buffalo (Ro≥x ≥t al., ′İı″). 
Furth≥rmor≥,  also  variability  in  non  translat≥≤ 
r≥gions  hav≥  b≥≥n  associat≥≤  with  susc≥ptibility 
to bTB. In≤≥≥≤  w≥ r≥c≥ntly hav≥ r≥port≥≤ that an 
intronic polymorphism in Tumor N≥crosis Factor-a 
(TNFa)  g≥n≥  b≥longing  to  a  pot≥ntial  r≥gulatory 
s≥qu≥nc≥, conf≥rs susc≥ptibility to bTB (Papaianni 
≥t al.,  ′İı7)  in≤icating  that  polymorphism  in 
cytokin≥ may hav≥ an important rol≥ as r≥sistanc≥/
susc≥ptibl≥  g≥n≥  in  bTB.  A  furth≥r  SNPs  in  th≥ 
″’UTR r≥gion of Int≥rf≥ron gamma (IFNg) which 
is  a  part  of  th≥  targ≥t  s≥qu≥nc≥  r≥cogniz≥≤  by 
microRNA  ı′5b  also  incr≥as≥s  susc≥ptibility 
to  bTB  (Iannaccon≥ ≥t al.,  ′İı8a)  showing  that 
microRNAs  hav≥  a  ≤oubl≥  rol≥  b≥si≤≥  th≥  on≥s 
as  biomark≥r  (Iannaccon≥ ≥t al.,  ′İı8b)  Thus, 
b≥caus≥ polymorphisms in cytokin≥s may hav≥ an 
important  rol≥  in  bTB,  w≥  ≤≥ci≤≥≤  to  inv≥stigat≥ 
th≥  g≥n≥tic  variability  in  IL-ıİ  of  wat≥r  buffalo 
r≥lat≥≤ to r≥sistanc≥/susc≥ptibility to bTB.

MATERIAL AND METHODS

Sampl≥s coll≥ction
Sp≥cim≥nt  sampl≥s  w≥r≥  coll≥ct≥≤  from 

ı84  animals  r≥ar≥≤  in  ≤iff≥r≥nt  h≥r≤s  locat≥≤  in 
Campania r≥gion (south Italy) an≤ group≥≤ in cas≥s 
(positiv≥  to  hyp≥rs≥nsitivity  an≤  microbiological 
t≥st, 59 sampl≥s) an≤ controls (n≥gativ≥ to multipl≥ 
hyp≥rs≥nsitivity  t≥st,  ı′5  sampl≥s)  accor≤ing  to 
pr≥vious  work  (Alfano ≥t al.,  ′İı4).  DNA  was 
≥xtract≥≤ using QIAamp DNA mini kit accor≤ing to 
manufactur≥r’s proc≥≤ur≥ an≤ purity was analyz≥≤ 

using  Nano≤ro  sp≥cfotom≥t≥r.  Only  sampl≥s  with 
ratio  A′6İ/′8İ  high≥r  than  ı.8  w≥r≥  us≥≤  for 
furth≥r analysis.

IL-ıİ ampliication an≤ polymorphism 
≤iscov≥ry

Using  prim≥rs  ≤≥sign≥≤  (forwar≤: 
5’-TTCATCTCCCAATGCAAGCAAGCTA-″’; 
r≥v≥rs≥:5'-ATCGGATTTCAGAGGTCTTCC 
GTTTAT-″’)  on  wat≥r  buffalo  g≥nom≥  s≥qu≥nc≥ 
(G≥n≥Bank NWşİİ578″5ıı, ″56ıı4. ″6İ857), w≥ 
amplii≥≤ an≤ s≥qu≥nc≥≤ a g≥nomic DNA r≥gion of 
″İİ nucl≥oti≤≥s spanning th≥ co≤ing r≥gion of th≥ 
≥xon 5 in ıİ cas≥s an≤ ıİ controls. Ampliication 
th≥rmal con≤itions w≥r≥ th≥ following: 5 minut≥s 
at  95oC  an≤  th≥n  ″İ  s≥con≤s  at  95oC,  ″İ  s≥con≤s 
at 55oC,  an≤  4İ  s≥con≤s  at  7′°C  (4İ  cycl≥s), 
with  a  inal  ≥xt≥nsion  for  5  minut≥s  at  7′°C 
an≤  s≥qu≥ncing  was  p≥rform≥≤  by  ≥xt≥rnal 
company  (Microg≥m,  S.r.l.,  Italy)  G≥notyping 
for  th≥  g.4İİ′C>T  polymorphism  was  carri≥≤ 
out  using  th≥  following  prim≥r:  C-all≥l≥  prim≥r: 
5’-TACATAGAAACCTACGTGACAAC-″’; 
T-all≥l≥ prim≥r: 5’-TACATAGAAACCTACGTGA 
CAAT-″’;  common  r≥v≥rs≥:  5’-ATCGGATTT 
CAGAGGTCTTCCGTTTAT-″’.

Bioinformatic an≤ statistical analysis.
S≥qu≥nc≥  alignm≥nts  was  p≥rform≥≤ 

using  an≤  r≥sults  w≥r≥  align≥≤  using  by  us≥  of 
Chromas  softwar≥  (T≥chn≥lysium,  Qu≥≥nslan≤, 
Australia).  S≥con≤ary  prot≥in  structur≥  analysis 
was  carri≥≤  out  using  https://zhanglab.ccmb.m≥≤.
umich.≥≤u/I-TASSER/  (Roy ≥t al.,  ′İıİ).  ORs 
an≤  95%  coni≤≥nc≥  int≥rvals  w≥r≥  calculat≥≤  by 
Fish≥r’s  ≥xact  t≥st  using  th≥  statistical  packag≥ 
GraphPa≤  Prism  v≥rsion  5  (GraphPa≤,  La  Jolla, 
CA,  USA).  Har≤y–W≥inb≥rg  ≥quilibrium  by  th≥ 
Har≤y–W≥inb≥rg  calculator (http://www.o≥g≥.org/
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softwar≥/hw≥-mr-calc.shtml).

RESULTS AND DISCUSSION

A  g≥nomic  DNA  s≥qu≥nc≥  spanning  th≥ 
≥xon  5  of  th≥  IL-ıİ  g≥n≥  in  wat≥r  buffalo  was 
amplii≥≤  an≤  s≥qu≥nc≥  alignm≥nts  show  a  point 
transv≥rsion  g.4İİ′C>T.  which  is  r≥sponsibl≥  of 
an  amino  aci≤  substitution  p.(Thrı75M≥t)  in  th≥ 
primary  prot≥in  s≥qu≥nc≥.  Using  a  fr≥≥  w≥b  tool 
for prot≥in s≥con≤ary structur≥ pr≥≤iction (https://
zhanglab.ccmb.m≥≤.umich.≥≤u/I-TASSER/), 
w≥  foun≤  that  th≥  substitution  p.(Thrı75M≥t) 
l≥ngth≥ns  th≥  a-h≥lix  compar≥≤  to  th≥  wil≤  typ≥ 
s≥qu≥nc≥ (Figur≥ ı).

Thus, to t≥st th≥ possibility that g.4İİ′C>T 
polymorphism  is  a  bTB,  w≥  g≥notyp≥≤  using  an 
all≥l≥-sp≥ciic  PCR  all  r≥maining  sampl≥s  an≤ 
r≥sults ar≥ summariz≥≤ in Tabl≥ ı. 

Homozygous  subj≥cts  TT  ar≥  mor≥ 

r≥pr≥s≥nt≥≤  in  th≥  cas≥s  group  (′′  out  of  59; 
fr≥qu≥ncy:  İ.″7)  compar≥≤  to  controls  groups 
(′4  out  of  ı′5;  fr≥qu≥ncy:  İ.ı9);  conv≥rs≥ly,  th≥ 
g≥notyp≥ CC is mor≥ common in th≥ controls group 
(5′ out of ı′5; fr≥qu≥ncy: İ.4′) compar≥≤ to th≥ 
cas≥s  group  (ı4  out  of  59;  fr≥qu≥ncy:  İ.′7).  Th≥ 
comparison of th≥ CC vs TT ratio b≥tw≥≥n cas≥ an≤ 
control subj≥cts by Fish≥r’s ≥xact t≥st, show≥≤ an 
o≤≤s ratio (OR) of ′.97; with th≥ 95% coni≤≥nc≥ 
int≥rval  (CI)  ranging  b≥tw≥≥n  ı.′″ı  an≤  6.667; 
P-valu≥ (two si≤≥≤) = İ.İİ88. This r≥sult strongly 
sugg≥sts  a  pr≥≤isposition  of  TT  subj≥cts  to  bTB 
b≥caus≥  th≥  OR  is  in  th≥  rang≥  b≥tw≥≥n  ′.ı  an≤ 
5.7 (Ioanni≤is ≥t al, ′İİı). Mor≥ov≥r, as ≥xp≥ct≥≤ 
in cas≥ of association (An≤≥rson ≥t al.,  ′İİ5), 
g≥notypic  fr≥qu≥nci≥s  at  th≥ IL-ıİ  locus  w≥r≥  in 
≥quilibrium among controls an≤ in ≤is≥quilibrium 
among cas≥s (Tabl≥ ′).

Figur≥  ı.  Pr≥≤ictiv≥  comparativ≥  analysis  of  IL-ıİ  prot≥ins  translat≥≤  from  C-all≥l≥  at  th≥  sit≥  g.4İİ′. 
S≥qu≥nc≥s  ar≥  compar≥≤  bas≥≤  on  s≥con≤ary  structur≥  g≥n≥rat≥  by  I-TASSER  softwar≥  (http://
zhanglab.ccmb.m≥≤.umich.≥≤u/L-TASSER). C: coil H: h≥lix.

http://zhanglab.ccmb.med.umich.edu/L-TASSER
http://zhanglab.ccmb.med.umich.edu/L-TASSER
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CONCLUSION

In  conclusion,  our  ≤ata  ≤≥monstrat≥≤  that 
susc≥ptibility to bovin≥ tub≥rculosis in wat≥r buffalo 
is inlu≥nc≥≤ by th≥ polymorphism g.4İİ′C>T in 
IL-ıİ g≥n≥ probably cons≥qu≥nt to a chang≥ in th≥ 
prot≥in  s≥con≤ary  structur≥.  This  polymorphism 
might  r≥pr≥s≥nt  a  vali≤  tool  for  mark≥r  assist≥≤ 
s≥l≥ction  against  bovin≥  tub≥rculosis  in  wat≥r 
buffalo. 
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Original Articl≥

ABSTRACT 

        Tropical  th≥il≥riosis  pos≥s  major  thr≥at 
for buffalo≥s  causing  signiicant  ≥conomical 
loss to liv≥stock farm≥rs. Early ≤≥t≥ction an≤ 
prompt tr≥atm≥nt h≥lps to minimis≥ mortality an≤ 
≥conomical loss. This stu≤y was con≤uct≥≤ on 79 
f≥mal≥ buffalo≥s pr≥s≥nt≥≤ with th≥ signs sugg≥stiv≥ 
of th≥il≥riosis. Evaluation of PCR for ≤≥t≥ction an≤ 
buparvaquon≥ for ≥ficacy was un≤≥rtak≥n. Ov≥rall 
pr≥val≥nc≥ of T. annulata inf≥ction r≥cor≤≥≤ was 
′′.78 % by PCR. A≤ult buffalo≥s show≥≤ high≥r 
pr≥val≥nc≥ (ı″.9′ %) compar≥≤ to young buffalo≥s 
(8.86 %). Bloo≤ sm≥ar ≥xamination r≥v≥al≥≤ ″8.89 
% s≥nsitivity in ≤≥t≥ction of Th≥il≥ria piroplasms. 
Ha≥matological  obs≥rvations  show≥≤  signiicant 
≤≥cr≥as≥≤ valu≥s of Hb, TEC, PCV an≤ TLC. 
N≥utrop≥nia, monocytop≥nia, ≥osinop≥nia an≤ 
lymphocytosis w≥r≥ r≥cor≤≥≤. Buparvaquon≥ was 
ıİİ % ≥ff≥ctiv≥ in compl≥t≥ ≥limination of T. 
annulata in inf≥ct≥≤ buffalo≥s. 

K≥ywor≤s: buffalo≥s, Th≥il≥ria annulata, PCR, 
Buparvaquon≥   

INTRODUCTION

 Tropical th≥il≥riosis caus≥≤ by Th≥il≥ria 
annulata pos≥s major thr≥at for buffalo≥s causing 
signiicant ≥conomic loss≥s to th≥ liv≥stock farm≥rs. 

Early ≤iagnosis an≤ prompt tr≥atm≥nt is ≥ss≥ntial 
to pr≥v≥nt th≥ pro≤uction loss. Diagnosis of T. 
annulata inf≥ction is usually bas≥≤ on microscopic 
≥xamination of bloo≤ sm≥ars stain≥≤ with 
Gi≥msa. How≥v≥r apart from ≤ificulty in sp≥ci≥s 
≤iff≥r≥ntiation bloo≤ sm≥ar t≥chniqu≥ is not suitabl≥ 
for ≤≥t≥ction of inf≥ction wh≥r≥ parasita≥mia is low 
(Nay≥l ≥t al. ′İı′). Th≥ m≥tho≤s of ≤≥t≥ction of 
Th≥il≥ria sp≥ci≥s involving s≥rological t≥sts ar≥ not 
s≥nsitiv≥ ≤u≥ to cross-r≥actions an≤ ≤isapp≥aranc≥ 
of antibo≤i≥s in long t≥rm carri≥rs (Passos ≥t al. 
ı998).  Th≥r≥for≥  a  s≥nsitiv≥  an≤  highly  sp≥ciic 
m≥tho≤ for th≥ ≤iagnosis of piroplasms is r≥quir≥≤. 
R≥c≥ntly  sp≥ci≥s  sp≥ciic  polym≥ras≥  chain 
r≥action (PCR) m≥tho≤s hav≥ b≥≥n ≤≥v≥lop≥≤ for 
th≥ ≤≥t≥ction of Th≥il≥ria sp≥ci≥s (D’ Oliv≥ira ≥t 
al. ı995; Roy ≥t al. ′İİİ; Ica ≥t al. ′İİ7; Altay 
≥t al. ′İİ8; Ali an≤ Ra≤wan ′İıı; Kun≤av≥ ≥t al. 
′İı5; an≤ Ganguly ≥t al. ′İı5). H≥nc≥ th≥ pr≥s≥nt 
stu≤y was con≤uct≥≤ to know th≥ ha≥matological 
alt≥rations, us≥ of PCR for ≤≥t≥ction an≤ suitabl≥ 
tr≥atm≥nt for Th≥il≥ria annulata inf≥ction in 
buffalo≥s.

MATERIALS AND METHODS 

Th≥ stu≤y was con≤uct≥≤ on 79 f≥mal≥ 
buffalo≥s (′6 young an≤ 5″ a≤ult ) pr≥s≥nt≥≤ to 
V≥t≥rinary Coll≥g≥ Hospital, Bi≤ar, Karnataka, 
In≤ia with th≥ signs of pyr≥xia, lympha≤≥nopathy, 

MOLECULAR DETECTION, HAEMATOLOGICAL AND THERAPEUTIC STUDIES ON 
THEILERIOSIS IN BUFFALOES

N.A. Patil* an≤  Ajay S. Satbig≥

D≥partm≥nt of V≥t≥rinary M≥≤icin≥, V≥t≥rinary Coll≥g≥, Karnataka, In≤ia, *E-mail: napv≥ty@gmail.com
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pal≥ mucus m≥mbran≥, anor≥xia an≤ tick 
inf≥station. 

Ha≥matological ≥xamination   
          Thin bloo≤ sm≥ar w≥r≥ pr≥par≥≤ from ≥ar 
v≥in an≤ stain≥≤ using Gi≥msa stain. Th≥ parasit≥s 
w≥r≥  i≤≥ntii≥≤  accor≤ing  to  th≥  charact≥rs 
≤≥scrib≥≤ by Soulsby (ı98′). Th≥ bloo≤ sampl≥s 
w≥r≥ coll≥ct≥≤ from jugular v≥in in EDTA coat≥≤ 
vacutain≥rs for PCR analysis. Th≥ bloo≤ sampl≥s 
foun≤ positiv≥ for T. annulata on bloo≤ sm≥ar 
≥xamination w≥r≥ subj≥ct≥≤ to ha≥matological 
≥xamination as ≤≥scrib≥≤ by Schalm ≥t al., (ı975). 
Similarly bloo≤ sampl≥s coll≥ct≥≤ from appar≥ntly 
h≥althy buffalo≥s w≥r≥ subj≥ct≥≤ to ha≥matological 
≥xamination an≤ s≥rv≥≤ as control. 

Isolation of DNA from bloo≤ sampl≥s
      G≥nomic  DNA  was  ≥xtract≥≤  from  ′İİ 
µl of th≥ whol≥ bloo≤ using DNA ≥xtraction 
kit (Bio basic) accor≤ing to th≥ manufactur≥r’s 
instructions.  Th≥  isolat≥≤  DNA  was  quantii≥≤ 
sp≥ctrophotom≥trically an≤ run on İ.8 % agaros≥ 
g≥l. Aliquots of ≥xtract≥≤ DNA w≥r≥ stor≥≤ at 
-′İ°C for PCR analysis.

Polym≥ras≥ chain r≥action 
            Th≥ prim≥r was ≤≥sign≥≤ on th≥ co≤ing 
s≥qu≥nc≥ of th≥ ″İ kDa major m≥rozoit≥ surfac≥ 
antig≥n (Tams ı g≥n≥) of Th≥il≥ria annulata. 
Th≥ forwar≤ prim≥r s≥qu≥nc≥ is 5’-CCA GTA 
ACC TTT AAA AAC GT – ″’ an≤ r≥v≥rs≥ prim≥r 
s≥qu≥nc≥ is 5’- GTT ACG AAC ATG GGT TT 
-″’. Th≥ PCR r≥action on total volum≥ of ı5 µl 
containing ″İ ng of t≥mplat≥ DNA, 7.5 µl of ′x 
mast≥r mix (F≥rm≥ntus), İ.5 µl of ≥ach forwar≤ an≤ 
r≥v≥rs≥ prim≥r (ıİ pmol/µl), 5.5 µl of nucl≥as≥ fr≥≥ 
wat≥r. R≥action con≤ition w≥r≥ initial ≤≥naturation 
at 98°C for 5 minut≥s, follow≥≤ by ″7 cycl≥s of 

95°C for ″İ s≥con≤s, 45°C for ″İ s≥con≤s, 7′°C 
for ″İ s≥con≤s, with a inal ≥xt≥nsion st≥p of 7′°C 
for ı minut≥ an≤ hol≤s at 4°C in a th≥rmal cycl≥r 
(Epp≥n≤orf). A n≥gativ≥ control (St≥ril≥ wat≥r), a 
positiv≥ control DNA from Th≥il≥ria annulata w≥r≥ 
inclu≤≥≤ in ≥ach ampliication run. PCR pro≤ucts 
w≥r≥ analys≥≤ by ≥l≥ctrophor≥sis on ı.5 % agaros≥ 
g≥l an≤ ≤ocum≥nt≥≤ with ≤ocum≥ntation syst≥m 
(G≥l Doc, Syng≥n≥).

Tr≥atm≥nt 
            Buffalo≥s inf≥ct≥≤  with T. annulata 
conirm≥≤  by  bloo≤  sm≥ar  ≥xamination  w≥r≥ 
tr≥at≥≤ with ≤os≥ of Buparvaquon≥ ′.5 mg/kg 
bo≤y  w≥ight.  Th≥rap≥utic  ≥ficacy  was  ≥valuat≥≤ 
bas≥≤ on chang≥s in clinical param≥t≥rs an≤ 
parasitological status on 7th ≤ay post tr≥atm≥nt.

Statistical analysis 
 Th≥ ≤iff≥r≥nc≥ of m≥ans of ha≥matological 
valu≥s b≥tw≥≥n T. annulata inf≥ct≥≤ an≤ h≥althy 
control group w≥r≥ compar≥≤ using stu≤≥nt t-t≥st 
(Sn≥≤≥cor an≤ Cochran, ı994)

RESULTS AND DISCUSSION

        Out of 79 bloo≤ sampl≥s ı8 (ıı a≤ult an≤ 
7 young) w≥r≥ positiv≥ for T. annulata by PCR 
in≤icat≥≤ ov≥rall pr≥val≥nc≥ of ′′.78 %. High≥r 
pr≥val≥nc≥ (ı″.9′ %) of T. annulata was r≥cor≤≥≤ 
in buffalo≥s mor≥ than ′ y≥ar ag≥ group wh≥n 
compar≥≤ to l≥ss than two y≥ar ag≥ group (8.86 
%) Similarly high≥r pr≥val≥nc≥ of T. annulata in 
a≤ult bovin≥s was r≥cor≤≥≤ by Anan≤ ≥t al (′İİ9) 
an≤ Kun≤av≥ ≥t al. (′İı5). High≥r rat≥ of ≤is≥as≥ 
occurr≥nc≥ in a≤ult buffalo≥s coul≤ b≥ attribut≥≤ to 
str≥ss of pr≥gnancy an≤ lactation (Durrani ′İİ″). 
Th≥ ag≥-r≥lat≥≤ r≥sistanc≥ in young cattl≥ to most 
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tick-born≥ protozoan ≤is≥as≥s has b≥≥n r≥port≥≤ by 
Dumanli ≥t al. (′İİ5). 
            Out of 79 bloo≤ sampl≥s, Gi≥msa stain≥≤ 
bloo≤ sm≥ar ≥xamination r≥v≥al≥≤ pr≥s≥nc≥ of 
Th≥il≥ria piroplasms in 7 sampl≥s (Figur≥ ı) which 
in≤icat≥≤ ″8.89% s≥nsitivity compar≥≤ to PCR as 
bas≥ r≥f≥r≥nc≥.  A ≤≥sir≥≤ pro≤uct siz≥ of 7′ı bp was 
obtain≥≤ in T. annulata positiv≥ sampl≥s (Figur≥ 
′). Bloo≤ sm≥ar ≥xamination in th≥ pr≥s≥nt stu≤y 
ha≤ shown fals≥ n≥gativ≥ un≤≥r light microscop≥, 
which shows low s≥nsitivity of th≥ t≥st. It coul≤ 
b≥ attribut≥≤ to low parasita≥mia, ≤≥struction of 
piroplsms in r≥≤ bloo≤ c≥lls ≤u≥ to ha≥molysis 
an≤ unsuitabl≥ bloo≤ sm≥ar staining (Hoghooghi 
≥t al., ′İıı). Mor≥ov≥r th≥ microscopic ≤≥t≥ction 
of piroplasms in bloo≤ sampl≥s that w≥r≥ n≥gativ≥ 
by PCR was not possibl≥. Th≥ sampl≥s positiv≥ 
by stain≥≤ bloo≤ sm≥ars w≥r≥ foun≤ to b≥ positiv≥ 
with PCR assay. This fact conirms th≥ sup≥riority 
of PCR ov≥r bloo≤ sm≥ar ≥xamination. Th≥ 
r≥sults of th≥ pr≥s≥nt stu≤y ar≥ in agr≥≥m≥nt with 
≥arli≥r work≥rs (Sanch≥z ≥t al., ı999; Roy ≥t al., 
′İİİ; Azizi ≥t al., ′İİ8; Mohammo≤ ≥t al., ′İıı; 

Ganguly ≥t al., ′İı5 an≤ Kun≤av≥ ≥t al., ′İı5)
             Th≥ ha≥matological valu≥s of T. annulata 
inf≥ct≥≤ an≤ h≥althy control groups hav≥ b≥≥n 
pr≥s≥nt≥≤ in Tabl≥ ı. Th≥ inf≥ct≥≤ group show≥≤ 
signiicant  ≤≥cr≥as≥≤  (p≤İ.İı)  valu≥s  of  total 
≥rythrocyt≥ count, ha≥moglobin, pack≥≤ c≥ll 
volum≥ than h≥althy group, in≤icating normocytic 
normochromic  ana≥mia.  Signiicant  ≤≥cr≥as≥ 
(p≤İ.İı)  in  total  l≥ukocyt≥  count  an≤  n≥utrophil 
count  an≤  non-signiicant  ≤≥cr≥as≥  in  monocyt≥ 
an≤ ≥osinophil count was obs≥rv≥≤ in inf≥ct≥≤ 
group. Similar ha≥matological obs≥rvations in 
Th≥il≥ria annulata inf≥ct≥≤ buffalo≥s w≥r≥ ma≤≥ 
by Sharma ≥t al. (ı985), Osman an≤ Al-Gaabary 
(′İİ7) El-D≥≥b an≤ Younis (′İİ9). D≥cr≥as≥≤ 
total ≥rythrocyt≥ count, ha≥moglobin an≤ PCV 
in Th≥il≥ria annulata inf≥ct≥≤ buffalo≥s coul≤ 
b≥ attribut≥≤ to ≥rythrophagocytosis (Yagi ≥t al., 
′İİ′). R≥lativ≥ incr≥as≥ in lymphocyt≥ count 
r≥l≥cts comp≥nsatory m≥chanism in targ≥t c≥lls in 
r≥spons≥ to th≥ir invasion with T. annulata (Lamia, 
ı997).
    S≥v≥n  buffalo≥s  inf≥ct≥≤  with T.annulata 

Tabl≥ ı.  H≥mogram in H≥althy an≤ Th≥il≥ria inf≥ct≥≤ buffalo≥s (m≥an α S.E).

Variabl≥ H≥althy buffalo≥s 
(N=İ7)

Inf≥ct≥≤ buffalo≥s 
(N=İ7)

TEC (ıİ6/µl) 5.78 α İ.ı″ ″.7İ αİ.ı8
Hb (g/≤l) ıİ.ıı α İ.′′ 7.6İ α İ.ı9
PCV (%) ″′.7ı α İ.8″ ′′.99 α İ.86
MCV (l) 56.5 α İ.5İ 6İ.4ı α ı.57
MCH (pg) ı7.44 α İ.′ı ′İ.8ı α İ.6ı
MCHC (g/≤l) ″İ.9 α İ.5İ ″4.5İ α İ.85
TLC (ıİ″µl-ı) 6.45 α İ.ı9 5.6İ α İ.′8
N≥utrophils (ıİ″ µl-ı) ″″.85 α İ.67 ″9.86 α İ.55
Lymphocyt≥s (ıİ″ µl-ı) 6ı.4′ α ı.İ8 56.İİ αİ.6ı
Monocyt≥s (ıİ″ µl-ı) ′.85 α İ.5İ ′.7ı α İ.4′
Eosinophils (ıİ″ µl-ı) ı.85 α İ.″4 ı.4″ α İ.′İ
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Figur≥ ′. D≥t≥ction of T. annulata in bloo≤ by PCR.

Figur≥ ı. Piroplasmic forms of T. annulata by Gi≥msa staining m≥tho≤.
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conirm≥≤  with  bloo≤  sm≥ar  ≥xamination  w≥r≥ 
tr≥at≥≤ with singl≥ ≤os≥ of Buparvaquon≥ at th≥ 
rat≥ of ′.5 mg/kg bo≤y w≥ight intramuscularly. 
All s≥v≥n buffalo≥s r≥v≥al≥≤ clinical improv≥m≥nt 
an≤ abs≥nc≥ of intrac≥llular piroplasms by s≥v≥nth 
≤ay  with  th≥  ≥ficacy  rat≥  of  ıİİ  p≥rc≥nt. This  is 
an agr≥≥m≥nt with th≥ r≥port of Osman an≤ Al-
Gaabary (′İİ7).
       From  th≥ in≤ings  of  th≥  pr≥s≥nt  stu≤y  it 
can b≥ conclu≤≥≤ that pr≥val≥nc≥ of Th≥il≥ria 
annulata inf≥ction was high in a≤ult buffalo≥s an≤ 
ha≥matological chang≥s obs≥rv≥≤ ar≥ us≥ful in 
un≤≥rstan≤ing ≤is≥as≥ pathog≥n≥sis an≤ corr≥ctiv≥ 
m≥asur≥s for supportiv≥ th≥rapy. PCR can r≥liably 
b≥ us≥≤ for accurat≥ ≤≥t≥ction of T. annulata. 
Buparvaquon≥ tr≥atm≥nt is in≤icat≥≤ in th≥ 
tr≥atm≥nt of tropical th≥il≥riosis in buffalo≥s. 
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Original Articl≥

ABSTRACT

M≥at is th≥ main sourc≥ of animal prot≥in. 
On≥ typ≥ of m≥at that is most consum≥≤ by p≥opl≥ is 
b≥≥f. Th≥ incr≥asing pric≥ of b≥≥f ≤u≥ to th≥ scarcity 
of b≥≥f in In≤on≥sia, ≥ncourag≥s th≥ gov≥rnm≥nt to 
issu≥ a policy of buffalo m≥at importation, in or≤≥r 
to cop≥ with th≥ voi≤ of In≤on≥sian m≥at stock. Th≥ 
probl≥m is that this policy has many pros an≤ cons 
from various parti≥s. Th≥r≥ ar≥ parti≥s who support 
an≤ th≥r≥ ar≥ also thos≥ who strongly oppos≥. Thos≥ 
who oppos≥ this policy ar≥ gov≥rnm≥nts in s≥v≥ral 
r≥gions an≤ organizations that f≥≥l ≤isa≤vantag≥≤ 
by th≥ buffalo m≥at importation policy. Bas≥≤ on 
th≥ ph≥nom≥non that occurs with th≥ import of 
buffalo, in this stu≤y th≥ authors ar≥ int≥r≥st≥≤ 
in analyzing Policy Implication of Buffalo M≥at 
Importation to B≥≥f Mark≥ting: Cas≥ of Bogor, 
In≤on≥sia. Th≥ m≥tho≤ us≥≤ is a Structural Equation 
Mo≤≥ls (SEM) with ı5İ r≥spon≤≥nts. Th≥ r≥sult of 
this r≥s≥arch is r≥spon≤≥nts w≥r≥ willing to buy an≤ 
consum≥ buffalo m≥at as long as th≥ quality, h≥alth 
an≤ halal w≥r≥ guarant≥≥≤.

K≥ywor≤s: Bubalus bubalis, buffalo, importation, 
policy, structural ≥quation mo≤≥l (SEM)

INTRODUCTION

M≥at is th≥ main sourc≥ of animal prot≥in. 
On≥ of th≥ most wi≤≥ly consum≥≤ typ≥s of m≥at is 
b≥≥f, which has an important rol≥ in m≥≥ting th≥ 
nutrition of th≥ In≤on≥sian p≥opl≥. D≥man≤ for 
pro≤ucts  r≥lat≥≤  to  nutrition  fulillm≥nt  such  as 
b≥≥f pro≤ucts is incr≥asing along with population 
growth an≤ improving living stan≤ar≤s of 
In≤on≥sian p≥opl≥.

Bas≥≤ on ≤ata from th≥ Ministry of 
Agricultur≥, in g≥n≥ral th≥ ≤≥v≥lopm≥nt of b≥≥f 
pro≤uction in In≤on≥sia ≤uring th≥ ′İı″ to ′İı7 
gr≥w by ′.56%. Th≥ numb≥r of b≥≥f pro≤uction 
that cannot fulill th≥ n≥≥≤s is on≥ of th≥ caus≥s of 
a high incr≥as≥ in b≥≥f pric≥s. Such high≥r costs, 
in comparison to th≥ pro≤uction of conv≥ntional 
pro≤ucts, usually r≥quir≥ comparativ≥ly high≥r 
pric≥s an≤ thus a high≥r consum≥r willingn≥ss to 
pay (Olbrich, Hun≤t an≤ Gr≥w≥, ′İı4). 

Th≥ following ar≥ ≤ata from th≥ Ministry 
of Tra≤≥ r≥gar≤ing th≥ growth of b≥≥f pric≥s in 
In≤on≥sia for th≥ p≥rio≤ March ′İı″ to ′İı7 
(Figur≥ ı).

Th≥ solution tak≥n by th≥ gov≥rnm≥nt to 
ix th≥ b≥≥f ≤≥icit is to op≥n slot for buffalo m≥at 
importation that ar≥ much ch≥ap≥r than b≥≥f. Th≥ 
k≥y suppli≥rs of froz≥n m≥at in ′İı5 w≥r≥ Brazil, 
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In≤ia, Su≤an, Unit≥≤ Stat≥s an≤ Australia. Brazil is 
th≥ ≤ominant suppli≥r of th≥ froz≥n b≥≥f whil≥ In≤ia 
is th≥ sol≥ suppli≥r of froz≥n buffalo m≥at (Hassan 
≥t al., ′İı8). With th≥ buffalo m≥at importation 
from In≤ia, p≥opl≥ ar≥ ≥xp≥ct≥≤ to b≥ abl≥ to mak≥ 
substitution of b≥≥f, so that it can r≥≤uc≥ th≥ pric≥ 
of b≥≥f that is too high. Th≥ probl≥m is that this 
policy has many pros an≤ cons from various parti≥s. 
Th≥r≥ ar≥ parti≥s who supports, th≥r≥ ar≥ also thos≥ 
who strongly oppos≥. Th≥ opposing parti≥s in this 
r≥gar≤ ar≥ gov≥rnm≥nts in s≥v≥ral r≥gions an≤ 
organizations that f≥≥l ≤isa≤vantag≥≤ by th≥ In≤ian 
buffalo m≥at import policy. 

Th≥r≥ ar≥ various ar≥as that ar≥ targ≥t≥≤ 
for buffalo m≥at importation, an≤ on≥ of th≥m is 
Bogor City. In a≤≤ition, Bogor is on≥ of th≥ r≥gions 
that has a high amount of m≥at consumption. Bas≥≤ 
on th≥ ph≥nom≥non that occurs with th≥ import of 
buffalo, in this stu≤y th≥ authors ar≥ int≥r≥st≥≤ in 
analyzing th≥ implications of buffalo m≥at import 
policy on th≥ mark≥ting of b≥≥f in In≤on≥sia, a cas≥ 
stu≤y in th≥ city of Bogor (Figur≥ ′).

 

MATERIALS AND METHODS

This r≥s≥arch was con≤uct≥≤ in th≥ ar≥a 
of Bogor City in March to D≥c≥mb≥r ′İı7. Th≥ 
s≥l≥ction of this location was motivat≥≤ b≥caus≥ 
Bogor City was on≥ of th≥ irst citi≥s to g≥t buffalo 
m≥at quota from In≤ia. This r≥s≥arch approach 
us≥s ≤≥scriptiv≥ r≥s≥arch with surv≥y m≥tho≤s. 
This m≥tho≤ was con≤uct≥≤ by ≤istributing 
qu≥stionnair≥s to s≥l≥ct≥≤ r≥spon≤≥nts with c≥rtain 
crit≥ria, such as: r≥spon≤≥nts ≥v≥r bought or 
consum≥≤ b≥≥f (Non V≥g≥tarian) with minimum 
ı7 y≥ars ol≤ or ov≥r, ≤omicil≥≤ in Bogor City. Th≥ 
numb≥r of sampl≥s to b≥ us≥≤ in this stu≤y is limit≥≤ 
accor≤ing to th≥ rul≥s of Structural Equation Mo≤≥l 

which is 5 tim≥s to ıİ tim≥s th≥ ≥stimat≥≤ variabl≥ 
param≥t≥rs (Hair ≥t al., ′İİ6). This r≥s≥arch has ′5 
variabl≥s. So th≥ rang≥ of th≥ numb≥r of sampl≥s 
us≥≤ is ı′5 to ′5İ r≥spon≤≥nts, an≤ ı5İ r≥spon≤≥nts 
will b≥ tak≥n. Th≥ sampling m≥tho≤ has b≥≥n ≤on≥ 
with multistag≥ non probability sampling t≥chniqu≥ 
with stag≥s (Tabl≥ ı an≤ Figur≥ ″): 

ı. Th≥ city of Bogor is ≤ivi≤≥≤ into 6 sub-
≤istricts, nam≥ly North Bogor, South Bogor, East 
Bogor, C≥ntral Bogor, W≥st Bogor an≤ Tanah 
Sar≥al.

′. In ≥ach sub-≤istrict, ′ housing will b≥ 
chos≥n using purposiv≥ sampling t≥chniqu≥.

″. Th≥ numb≥r of r≥spon≤≥nts in ≥ach 
housing will b≥ ≤ivi≤≥≤ proportionally by using a 
sampl≥ fraction in accor≤anc≥ with th≥ population 
in ≥ach sub-≤istrict. 

4. Th≥ s≥l≥ction of r≥spon≤≥nts was ≤on≥ 
by conv≥ni≥nc≥ sampling.

Th≥ ≤ata obtain≥≤ w≥r≥ analyz≥≤ using 
≤≥scriptiv≥ analysis an≤ Structural Equation 
Mo≤≥ling (SEM). Structural ≥quation mo≤≥ling 
(SEM) is a v≥rsatil≥ multivariat≥ statistical 
t≥chniqu≥ an≤ application of this m≥tho≤ hav≥ 
b≥≥n incr≥asing sinc≥ its intro≤uction in th≥ ı98İs 
(Xiong ≥t al., ′İı5). 

RESULTS AND DISCUSSION

G≥n≥ral ≤≥scription of th≥ r≥spon≤≥nts
Th≥ majority of r≥spon≤≥nts in this stu≤y 

b≥long to th≥ ag≥ group of ′′ to ′6 y≥ars (44%). 
Th≥ majority of r≥spon≤≥nts w≥r≥ ≤ominat≥≤ by 
mal≥ (55%). Th≥ ≥≤ucation l≥v≥l of r≥spon≤≥nts 
was ≤ominat≥≤ by un≤≥rgra≤uat≥ l≥v≥l (59%).Th≥ 
majority of r≥spon≤≥nts occupations w≥r≥ privat≥ 
≥mploy≥≥s (45%) an≤ coll≥g≥ stu≤≥nts (′5%) with 
total hous≥hol≤ ≥xp≥n≤itur≥ p≥r month ≤ominat≥≤ 
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Rp ı.İİİ.İİİ to Rp ′.İİİ.İİİ (′7%).
Charact≥ristics of r≥spon≤≥nts’ buying 

b≥havior in this stu≤y show≥≤ that m≥at 
consumption is not n≥c≥ssarily local or import≥≤ 
m≥at (7ı%). This m≥ans that m≥at consum≥rs in 
th≥ city of Bogor ar≥ not too picky in r≥lation to th≥ 
ar≥a of origin of th≥ m≥at, both import≥≤ an≤ local. 
Th≥ amount of mon≥y sp≥nt by r≥spon≤≥nts to 
purchas≥ m≥at> Rp. ıİİ,İİİ.İİ (ı6%) p≥r month. 
With a pric≥ rang≥ of m≥at p≥r kg starting from Rp. 
8İ,İİİ.İİ to Rp. ı″İ,İİİ.İİ consum≥rs purchas≥ 
m≥at as much as α İ.8 to ı.″ kg p≥r month. Th≥ 
r≥sults show≥≤ that th≥ r≥spon≤≥nt fr≥qu≥ncy of 
purchasing m≥at p≥r month was ı to ′ tim≥s (″4%). 
That is, m≥at consum≥rs must pay a f≥≥ of α Rp 
8İ,İİİ.İİ to Rp ′6İ,İİİ.İİ to purchas≥ m≥at. M≥at 
mass for ≥ach purchas≥ is th≥ amount of m≥at in 
kg p≥r purchas≥. Th≥ r≥sults show≥≤ that th≥ m≥at 
mass for ≥ach purchas≥ rang≥≤ from İ.5 kg to ı kg 
(45%). That is, th≥ r≥spon≤≥nts in this stu≤y pai≤ a 
f≥≥ of α Rp 5İ,İİİ to Rp ′İİ,İİİ.İİ to purchas≥ 
m≥at. Th≥ plac≥ of purchas≥ is th≥ location of 
buying m≥at (tra≤itional mark≥ts, mo≤≥rn mark≥ts, 
slaught≥rhous≥s, trav≥ling v≥g≥tabl≥ mak≥rs, 
oth≥rs). Basically th≥ plac≥ to purchas≥ pro≤ucts 
≤≥p≥n≤s on th≥ pr≥f≥r≥nc≥s of ≥ach consum≥r. Th≥ 
r≥sults of this stu≤y in≤icat≥ that most r≥spon≤≥nts 
purchas≥ m≥at in tra≤itional mark≥ts (4ı%).

Goo≤ information will giv≥ consum≥rs 
mor≥ knowl≥≤g≥ of a pro≤uct. Th≥ r≥sults of th≥ 
stu≤y show≥≤ that 46% of r≥spon≤≥nts occasionally 
in≤ out information on th≥ origin of m≥at at ≥ach 
purchas≥.

M≥asur≥m≥nt mo≤≥l
R≥liability t≥sting is th≥ proc≥ss of 

m≥asuring th≥ accuracy (consist≥nt) of an 
instrum≥nt. This t≥st is int≥n≤≥≤ to ≥nsur≥ that th≥ 
instrum≥nt us≥≤ is an instrum≥nt that is r≥liabl≥, 

consist≥nt, stabl≥ an≤ ≤≥p≥n≤abl≥, so that wh≥n 
us≥≤ r≥p≥at≥≤ly can pro≤uc≥ th≥ sam≥ ≤ata. To 
t≥st th≥ r≥liability of th≥ ≤ata, this r≥s≥arch us≥s 
in≤icators  bas≥≤  on  varianc≥  ≥xtract≥≤  (VE)  an≤ 
construt r≥liability (CR) formulas (Figur≥ 4). 

Th≥  Varianc≥  Extract≥≤  (VE)  valu≥  was 
us≥≤ to m≥asur≥ th≥ numb≥r of variants that can b≥ 
captur≥≤ by th≥ construct compar≥≤ to th≥ varianc≥ 
caus≥≤ by m≥asur≥m≥nt ≥rror. Whil≥ th≥ valu≥ of 
composit≥ r≥liability (CR) show≥≤ th≥ consist≥ncy 
of ≥ach in≤icator in m≥asuring th≥ construct. Th≥ 
high≥r th≥ valu≥ of composit≥ r≥liability (CR) th≥ 
mor≥ consist≥nt th≥ in≤icator in m≥asuring th≥ 
construct. Hair ≥t al. (′İıİ) stat≥≤ that th≥ construct 
r≥liability that can b≥ r≥c≥iv≥≤ is a co≥fici≥nt that 
is worth mor≥ than İ.7İ whil≥ for calculating th≥ 
varianc≥  ≥xtract≥≤  th≥  r≥comm≥n≤≥≤  numb≥r  is 
mor≥ than İ.5 (Tabl≥ ′).

Th≥ r≥sults of proc≥ssing in Tabl≥ ′ show 
that all valu≥s of construct r≥liability (CR) an≤ 
varianc≥ ≥xtract≥≤ (VE) in this stu≤y ar≥ abov≥ İ.7İ 
an≤ İ.5İ, so it can b≥ conclu≤≥≤ that th≥ mo≤≥ls in 
this stu≤y ar≥ r≥liabl≥ for us≥ (Tabl≥ ″).

Th≥ r≥lationship b≥tw≥≥n ‘Quality’ with 
th≥ in≤icators. Quality assuranc≥ sch≥m≥s ha≤ 
b≥≥n s≥≥n as r≥lativ≥ly important in th≥ purchas≥ 
of minc≥ b≥≥f an≤ such sch≥m≥s w≥r≥ valu≥≤ by 
consum≥rs (North≥n, ′İİİ).Variabl≥ in≤icators that 
hav≥ th≥ high≥st contribution to form th≥ ‘quality’ 
lat≥nt variabl≥ ar≥ Qı (fr≥sh import≥≤ buffalo 
m≥at). This in≤icat≥≤ by th≥ Qı loa≤ factor valu≥ 
of İ.9″. That is, prosp≥ctiv≥ consum≥rs of buffalo 
m≥at ass≥ss th≥ quality of buffalo m≥at bas≥≤ on its 
fr≥shn≥ss.

Th≥ r≥lationship b≥tw≥≥n ‘Saf≥ty an≤ 
H≥alth’ variabl≥ with th≥ in≤icators. Foo≤ saf≥ty 
is an important issu≥ facing curr≥nt consum≥rs, 
th≥ foo≤ in≤ustry an≤ th≥ gov≥rnm≥nt. Variabl≥ 
in≤icators that hav≥ th≥ high≥st contribution to 
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form th≥ lat≥nt variabl≥s of saf≥ty an≤ h≥alth ar≥ 
SH4 (th≥ cl≥anlin≥ss of buffalo m≥at import≥≤ 
from In≤ia is guarant≥≥≤). That is, pr≥sp≥ctiv≥ 
consum≥rs of buffalo m≥at consum≥rs ass≥ss th≥ 
saf≥ty an≤ h≥alth of buffalo m≥at bas≥≤ on th≥ 
cl≥anlin≥ss of th≥ m≥at. To≤ay’s consum≥rs ar≥ 
b≥tt≥r ≥≤ucat≥≤ an≤ h≥nc≥, mor≥ up≤at≥≤ about 
issu≥s r≥gar≤ing foo≤ saf≥ty an≤ compar≥≤ to thos≥ 
in th≥ past (Liana ≥t al., ′İıİ).

Th≥  r≥lationship  b≥tw≥≥n  ‘Pric≥’  
variabl≥ with th≥ in≤icators. Th≥ pric≥ has a v≥ry 
important  rol≥  in  inlu≥ncing  consum≥r  ≤≥cisions 
to buy pro≤ucts, so as to ≤≥t≥rmin≥ th≥ succ≥ss 
of mark≥ting a pro≤uct or th≥ amount of valu≥ 
in  ≥xchang≥  from  consum≥rs  on  th≥  b≥n≥its  for 
owning or using a pro≤uct or s≥rvic≥ (Aspan ≥t 
al, ′İı7). Variabl≥ in≤icators that hav≥ th≥ high≥st 
contribution to form th≥ lat≥nt variabl≥ pric≥ is P″ 
(ch≥ap pro≤uction costs caus≥ th≥ pric≥ of import≥≤ 
In≤ian b≥≥f is ch≥ap≥r than oth≥r m≥at).

Th≥ r≥lationship b≥tw≥≥n ‘Halal’ variabl≥ 
with th≥ in≤icators. Th≥ acc≥ptanc≥ of th≥ halal 
pro≤ucts an≤ s≥rvic≥s among Muslims an≤ non-
Muslims is caus≥≤ by th≥ p≥rc≥ption that halal 
symboliz≥s h≥althi≥r lif≥styl≥ an≤ cl≥an pr≥paration 
(Aziz an≤ Chok, ′İı6). Variabl≥ in≤icators that 
hav≥ th≥ high≥st contribution to form th≥ lat≥nt 
variabl≥ of halal ar≥ H′ (th≥ halal status of buffalo 
m≥at import≥≤ by In≤ia is cl≥ar ≥v≥n though it is 
suppli≥≤ by a non-Muslim majority stat≥). That is, 
prosp≥ctiv≥ consum≥rs of buffalo m≥at consi≤≥r 
th≥ clarity of th≥ halal status of import≥≤ In≤ian 
buffalo m≥at b≥for≥ making a purchas≥.

Th≥ r≥lationship b≥tw≥≥n ‘Distribution’ 
variabl≥ with th≥ in≤icators. Variabl≥ in≤icators 
that hav≥ th≥ high≥st contribution to form th≥ lat≥nt 
variabl≥ of ≤istribution ar≥ D′ (In≤ian import≥≤ 
buffalo m≥at is ≥asy to obtain). That is, prosp≥ctiv≥ 
consum≥rs of buffalo m≥at consi≤≥r that a goo≤ 

≤istribution is s≥≥n from th≥ ≥as≥ of obtaining 
buffalo m≥at.

Th≥ r≥lationship b≥tw≥≥n ‘Information’ 
variabl≥ with th≥ in≤icators. Variabl≥ in≤icators 
that hav≥ th≥ high≥st contribution to form th≥ lat≥nt 
variabl≥ of information ar≥ I″ (I know th≥ quality 
of m≥at import≥≤ by In≤ian buffalo).

Th≥ r≥lationship b≥tw≥≥n ‘Willingn≥ss 
to Pay’ variabl≥ with th≥ in≤icators. Th≥ variabl≥ 
in≤icator that has th≥ high≥st contribution to form 
th≥ lat≥nt variabl≥ of willingn≥ss to pay is WP′ (I 
will only buy In≤ian import≥≤ buffalo m≥at wh≥n th≥ 
pric≥ of b≥≥f ris≥s. That is, prosp≥ctiv≥ consum≥rs 
of buffalo m≥at will only mak≥ purchas≥s of buffalo 
m≥at if th≥ pric≥ of b≥≥f go≥s up.

R≥spon≤≥nts p≥rc≥ption
This  r≥s≥arch  pro≤uc≥≤  s≥v≥ral  in≤ings 

that woul≤ b≥ compil≥≤ into manag≥rial 
implications  that  ar≥  ≥xp≥ct≥≤  to  b≥  b≥n≥icial 
for th≥ gov≥rnm≥nt as th≥ mak≥r of buffalo 
import policy. Bas≥≤ on th≥ r≥sults of th≥ stu≤y, 
r≥spon≤≥nts’ p≥rc≥ptions of th≥ quality of import≥≤ 
buffalo m≥at ar≥ still within th≥ normal limits. In 
that s≥ns≥, import≥≤ buffalo m≥at can b≥ r≥c≥iv≥≤ 
in th≥ mark≥t as a substitut≥ for b≥≥f. On av≥rag≥ 
th≥ r≥spon≤≥nts consi≤≥r≥≤ that th≥ fr≥shn≥ss of th≥ 
m≥at sol≤ on th≥ mark≥t show≥≤ th≥ quality of th≥ 
m≥at. Although th≥ p≥rc≥ption of buffalo m≥at as 
foo≤ is still unfamiliar, th≥ av≥rag≥ r≥spon≤≥nt is 
willing to buy buffalo m≥at as a substitut≥ for b≥≥f 
as long as th≥ import≥≤ buffalo m≥at is still fr≥sh.

Bas≥≤ on th≥ r≥sults of th≥ stu≤y, 
r≥spon≤≥nts’ p≥rc≥ptions of th≥ saf≥ty an≤ h≥alth 
of import≥≤ buffalo m≥at show≥≤ that on av≥rag≥ 
th≥ r≥spon≤≥nts w≥r≥ h≥sitant but b≥li≥v≥≤ that th≥ 
gov≥rnm≥nt coul≤ not allow import≥≤ buffalo m≥at 
to circulat≥ in th≥ mark≥t if its saf≥ty an≤ h≥alth 
w≥r≥ not guarant≥≥≤. Th≥ av≥rag≥ r≥spon≤≥nt 
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consi≤≥rs that th≥ cl≥anlin≥ss of import≥≤ buffalo 
m≥at circulating in th≥ mark≥t is v≥ry important. 
Th≥ av≥rag≥ r≥spon≤≥nt is willing to buy import≥≤ 
buffalo m≥at as long as th≥ m≥at is cl≥an.

Bas≥≤ on th≥ r≥sults of th≥ stu≤y, 
r≥spon≤≥nts’ p≥rc≥ptions of th≥ pric≥ of buffalo m≥at 
show≥≤ that th≥ pric≥ of buffalo m≥at circulating 
in th≥ mark≥t was affor≤abl≥. It’s just that what 
mak≥s th≥ r≥spon≤≥nts h≥sitant in ass≥ssing th≥ 
pric≥ of buffalo m≥at is that th≥ r≥spon≤≥nts cannot 
≤istinguish b≥tw≥≥n import≥≤ an≤ local buffalo 
m≥at b≥caus≥ th≥y ≤o not inclu≤≥ th≥ origin of th≥ 
buffalo m≥at.

Bas≥≤ on th≥ r≥sults of th≥ stu≤y, 
r≥spon≤≥nts’ p≥rc≥ptions of halal buffalo m≥at, th≥ 
status of halal buffalo m≥at circulating was cl≥ar 
≥v≥n though suppli≥≤ in non-Muslim countri≥s. 
Although th≥r≥ ar≥ still r≥spon≤≥nts who ≤oubt 
this, th≥ r≥spon≤≥nts still b≥li≥v≥ that import≥≤ 
buffalo m≥at ≥nt≥ring In≤on≥sia has b≥≥n prov≥n 
halal. Th≥ fact that In≤on≥sia is an Islamic Stat≥ 
can b≥ on≥ r≥ason r≥spon≤≥nts b≥li≥v≥ in th≥ halal 
status of import≥≤ buffalo m≥at circulating in th≥ 
mark≥t, b≥caus≥ ≥v≥ry pro≤uct sol≤ must pass halal 
s≥l≥ction  irst,  if  th≥r≥  ar≥  pro≤ucts  that  ar≥  not 
halal th≥n th≥ s≥ll≥r must cl≥arly lab≥l th≥ pro≤uct 
is not halal.

Bas≥≤ on th≥ r≥sults of th≥ stu≤y, 
r≥spon≤≥nts’ p≥rc≥ptions of th≥ ≤istribution of 
import≥≤ buffalo m≥at show≥≤ that th≥ av≥rag≥ 
r≥spon≤≥nt ≥asily foun≤ import≥≤ buffalo m≥at in 
th≥ city of Bogor. Bas≥≤ on th≥ r≥sults of th≥ stu≤y, 
r≥spon≤≥nts’ p≥rc≥ptions of information r≥lat≥≤ to 
import≥≤ buffalo m≥at show≥≤ that th≥ gov≥rnm≥nt 
ha≤  provi≤≥≤  sufici≥nt  information  r≥gar≤ing 
import≥≤ buffalo m≥at. Bas≥≤ on th≥ r≥sults of 
th≥ stu≤y, th≥ av≥rag≥ r≥spon≤≥nt is willing to buy 
import≥≤ buffalo m≥at only if th≥ pric≥ of b≥≥f is 
too high.

Structural mo≤≥l
Th≥ structural mo≤≥l ≤≥scrib≥s th≥ 

r≥lationship b≥tw≥≥n lat≥nt variabl≥s in th≥ mo≤≥l. 
Th≥ r≥lationship b≥tw≥≥n quality, Saf≥ty an≤ 
h≥alth, pric≥, halal, ≤istribution an≤ information to 
willingn≥ss to pay (Tabl≥ 4).

Th≥ r≥sults show≥≤ that quality, Saf≥ty an≤ 
h≥alth, pric≥, halal an≤ information ha≤ a signiicant 
an≤  positiv≥  inlu≥nc≥  on  willingn≥ss  to  pay,  this 
was in≤icat≥≤ by th≥ valu≥ of th≥ loa≤ing factor an≤ 
t-t≥st on th≥ iv≥ r≥lationships. Th≥ valu≥s of loa≤ing 
factors for quality, saf≥ty an≤ h≥alth, pric≥, halal 
an≤ information ar≥ positiv≥ with valu≥s of İ.′İ, 
İ.4ı, İ.5′, İ.54 an≤ İ.67 r≥sp≥ctiv≥ly. Wh≥r≥as th≥ 
t-t≥st valu≥ pro≤uc≥≤ on th≥ r≥lationship of quality, 
saf≥ty an≤ h≥alth, pric≥, halal an≤ information with 
willingn≥ss to pay is ′.7″, ı.98, ′.″9, ′.9″ an≤ ″.96, 
which m≥ans that quality, Saf≥ty an≤ h≥alth, pric≥, 
halal an≤ information hav≥ a signiicant ≥ff≥ct on 
willingn≥ss to pay.

Distribution has a positiv≥ r≥lationship 
with willingn≥ss to pay, so hypoth≥sis 5 can b≥ 
acc≥pt≥≤. How≥v≥r, in contrast to quality, Saf≥ty 
an≤ h≥alth, pric≥, halal an≤ information, th≥ 
r≥lationship of ≤istribution to willingn≥ss to pay 
is  not  signiicant. Th≥  valu≥  of  th≥  loa≤ing  factor 
of th≥ ≤istribution r≥lationship with willingn≥ss to 
pay is in≤≥≥≤ positiv≥ (İ.İı), but th≥ t-t≥st valu≥ 
of th≥ ≤istribution is İ.ı9, which is small≥r than 
ı.96, which m≥ans that th≥ ≤istribution ≤o≥s not 
aff≥ct th≥ willingn≥ss to pay signiicantly. So if th≥ 
gov≥rnm≥nt improv≥s th≥ ≤istribution of import≥≤ 
In≤ian buffalo m≥at in th≥ mark≥t, it will only 
slightly aff≥ct th≥ willingn≥ss to pay consum≥rs.

CONCLUSION

This r≥s≥arch show≥≤ that h≥alth, saf≥ty 
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Figur≥ ′. Fram≥work.

Figur≥ ″. R≥spon≤≥nts s≥l≥ction proc≥ss.

Figur≥ ı. B≥≥f Pric≥s in In≤on≥sia for th≥ ′İı″ to ′İı7.
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Figur≥ 4. Structural ≥quation mo≤≥l.

Tabl≥ ı. Bogor city population.
Ar≥a Total population Samp≥l fraction Total r≥spon≤≥nts

North Bogor ı99′48 İ.ı9 ′8
South Bogor ıİ47″7 İ.ıİ ı6
East Bogor ı9′8ı′ İ.ı8 ′6
C≥ntral Bogor ıİ468′ İ.ıİ ı4
W≥st Bogor ′″6″İ′ İ.′′ ″4
Tanah Sar≥al ′′69İ6 İ.′ı ″′
Total ıİ64687 ı ı5İ

 
         Sourc≥: BPS (′İı7).
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Tabl≥ ′. R≥liability t≥st.
Lat≥nt variabl≥ CR > İ.7İ VE > İ.5İ Status

Quality İ,8′ İ,5″ R≥liabl≥
Saf≥ty an≤ h≥alth İ,94 İ,79 R≥liabl≥
Pric≥ İ,8ı İ,5ı R≥liabl≥
Halal İ,87 İ,6″ R≥liabl≥
Distribution İ,89 İ,7′ R≥liabl≥
Information İ,8ı İ,5ı R≥liabl≥
Willingn≥ss to Pay İ,8İ İ,69 R≥liabl≥

Tabl≥ ″. Op≥rational m≥asur≥s an≤ scal≥ r≥liability valu≥s.

Variabl≥s Co≤≥ In≤icator Loa≤ing 
factor t-tabl≥

Quality
Qı Fr≥sh import≥≤ buffalo m≥at İ.9″ ı7.′ı
Q′ Th≥ tast≥ of buffalo m≥at is b≥tt≥r than b≥≥f İ.64 ı′.96
Q″ Soft buffalo m≥at t≥xtur≥ İ.64 ı′.5″
Q4 Th≥ sm≥ll of buffalo m≥at ≤o≥s not sm≥ll İ.67 ı5.85

Saf≥ty an≤ h≥alth

SHı In≤ian’s Buffalo m≥at ar≥ saf≥ for h≥alth İ.86 ′′.7′
SH′ In≤ian’s buffalo m≥at is not guarant≥≥≤ saf≥, b≥caus≥ 

it oft≥n app≥ars in a ill≥gally import≥≤ m≥at cas≥s İ.88 ′″.İ6

SH″ Gov≥rnm≥nt ov≥rsight of In≤ian import≥≤ buffalo 
m≥at is goo≤ İ.87 ′′.8″

SH4 Th≥ cl≥anlin≥ss of buffalo m≥at In≤ian imports is 
guarant≥≥≤ İ.9″ ′″.96

Pric≥

Pı Th≥ pric≥ of In≤ian import≥≤ buffalo m≥at is mor≥ 
affor≤abl≥ than th≥ pric≥ of local buffalo m≥at İ.66 ı6.İ6

P′ Th≥ pric≥ of import≥≤ In≤ian buffalo m≥at is in 
accor≤anc≥ with th≥ promis≥≤ quality İ.7′ ı4.95

P″ Th≥ pric≥ of local buffalo m≥at is affor≤abl≥ İ.77 ı5.77
P4 Th≥ pric≥ of local buffalo m≥at is in accor≤anc≥ with 

th≥ promis≥≤ quality İ.6″ ı5.64
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Tabl≥ 4. Hypoth≥sis.
Hypoth≥sis Loa≤ing factor t-valu≥ >ı.96 Conclusion

Hı Quality İ.′İ ′.7″ Support≥≤
H′ Saf≥ty an≤ h≥alth İ.4ı ı.98 Support≥≤
H″ Pric≥ İ.5′ ′.″9 Support≥≤
H4 Halal İ.54 ′.9″ Support≥≤
H5 Distribution İ.İı İ.ı9 Not support≥≤
H6 Information İ.67 ″.96 Support≥≤

Tabl≥ ″. Op≥rational m≥asur≥s an≤ scal≥ r≥liability valu≥s (Continu≥).

Variabl≥s Co≤≥ In≤icator Loa≤ing 
factor t-tabl≥

Halal

Hı In≤ian import≥≤ buffalo m≥at pro≤ucts sol≤ in th≥ 
mark≥t hav≥ halal lab≥ls İ.67 ı7.77

H′
Th≥ halal status of import≥≤ buffalo m≥at is cl≥ar ≥v≥n 
though it is suppli≥≤ by a majority of non-Muslim 
countri≥s

İ.88 ′ı.ıı

H″ Th≥ proc≥ss of halal lab≥ling on import≥≤ m≥at is in 
accor≤anc≥ with Islamic law İ.8İ ′İ.ı6

H4 Institutions that issu≥ halal lab≥ls can b≥ trust≥≤ ≥v≥n 
though th≥y ar≥ in non-Muslim countri≥s İ.8İ ı9.9″

Distribution
Dı Many stor≥s s≥ll import≥≤ In≤ian buffalo m≥at İ.8′ ı6.ı4
D′ In≤ian import≥≤ buffalo m≥at is ≥asy to obtain İ.9ı ı7.İ″
D″ Import≥≤ In≤ian buffalo m≥at is always availabl≥ in 

stor≥s İ.8′ ı6.ı″

Information

Iı Import≥≤ m≥at v≥n≤ors always t≥ll th≥ origin of th≥ 
m≥at th≥y s≥ll İ.6″ ı4.9

I′ Import≥≤ m≥at v≥n≤ors always inclu≤≥ information 
lab≥ls İ.6″ ı4.6ı

I″ I know th≥ quality of In≤ian b≥≥f import≥≤ m≥at İ.79 ı8.47

I4
Th≥ gov≥rnm≥nt has provi≤≥≤ sufici≥nt information 
about m≥at import policy an≤ all asp≥cts of its h≥alth 
an≤ saf≥ty

İ.7″ ı7.66

Willingn≥ss to 
pay

WPı I will still buy import≥≤ In≤ian buffalo m≥at ≥v≥n 
though th≥ pric≥ is ≥xp≥nsiv≥ İ.6ı 8.′6

WP′ I will only buy In≤ian import≥≤ buffalo m≥at wh≥n 
th≥ pric≥ of cattl≥ ris≥s ı.İİ 4.8ı
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an≤ h≥alth, pric≥, halal an≤ information ar≥ 
signiicantly  impact≥≤  consum≥r  willingn≥ss  to 
pay of buffalo m≥at in Bogor City. This r≥s≥arch 
also show≥≤ a positiv≥ ≥ff≥ct b≥tw≥≥n ≤istribution 
an≤ willingn≥ss to pay, but unlik≥ oth≥r variabl≥s, 
th≥ r≥lationship towar≤s willingn≥ss to pay is not 
signiicant.  That  conclu≤≥s  ≤istribution  ≤o≥s  not 
aff≥ct willingn≥ss to pay signiicantly. So wh≥n th≥ 
Gov≥rnm≥nt improv≥ th≥ ≤istribution of import≥≤ 
buffalo m≥at it will only slightly aff≥ct consum≥r’s 
willingn≥ss to pay.  This r≥s≥arch also foun≤ that 
th≥ lack of information r≥gar≤ing th≥ quality of 
m≥at, th≥ origin of m≥at, Saf≥ty an≤ n≥glig≥nc≥ can 
aff≥ct th≥ willingn≥ss to pay consum≥rs. Consum≥rs 
g≥n≥rally want to consum≥ cl≥ar information an≤ 
b≥n≥its.  Bas≥≤  on  th≥  r≥sults  of  this  stu≤y,  it  is 
important for th≥ gov≥rnm≥nt to continu≥ to mak≥ 
an intro≤uction to import≥≤ buffalo m≥at. Esp≥cially 
on th≥ quality of buffalo m≥at which is no l≥ss goo≤ 
for h≥alth, ≥nsuring that th≥ buffalo m≥at is saf≥ for 
consumption, ≥nsuring its r≥liability an≤ ≥nsuring 
≥asy acc≥ss to import buffalo m≥at at th≥ n≥ar≥st 
mark≥t / stor≥, so that p≥opl≥ can in≤ this import≥≤ 
buffalo m≥at in th≥ mo≤≥rn mark≥t that is ≥asily 
acc≥ssibl≥ by th≥ community.
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Cas≥ R≥port

ABSTRACT

A cas≥ of ≤ystocia associat≥≤ with 
malpr≥s≥ntation of atypical cyclopic monst≥r with 
arhinic con≤ition was ≤≥liv≥r≥≤ p≥r-vaginally 
through f≥totomy in a buffalo.

K≥ywor≤s: Bubalus bubalis, buffalo, cylopia, 
arhinia, f≥totomy, monst≥r

INTRODUCTION

Cyclopia or c≥boc≥phalus is a rar≥ 
cong≥nital ≤isor≤≥r charact≥riz≥≤ by a singl≥ orbit 
in which global tissu≥ is abs≥nt or ru≤im≥ntary or 
in which th≥ ≥y≥balls vary from a singl≥ appar≥ntly 
normal ≥y≥ through all ≤≥gr≥≥s of ≤oubling to on≥ 
consisting of two compl≥t≥ but small a≤jac≥nt 
glob≥s (Rob≥rt, ı97ı). Cyclopia most commonly 
s≥≥n in pig an≤ sh≥≥p (Rob≥rts, ı97ı) but also 
r≥port≥≤ in goat (Kanthraj, ′İıİ; Sivasu≤harsan 
≥t al., ′İıİ) an≤ cows (Gupta an≤ Anan≤, ′İİ′; 
Ozcan ≥t al., ′İİ6). How≥v≥r, this anomaly has 
b≥≥n rar≥ly r≥port≥≤ in buffalo≥s (Thipp≥swamy ≥t 
al., ı996; Singh ≥t al., ′İı″). Th≥ pr≥s≥nt pap≥r 

≤ocum≥nts a rar≥ cas≥ of atypical cyclopia with 
arhinia in buffalo calf. 

CASE HISTORY AND OBSERVATION

An ≥ight y≥ars ol≤, appar≥ntly h≥althy 
multiparus non-≤≥script sh≥-buffalo at full t≥rm 
pr≥s≥nt≥≤ with a history of straining for th≥ last s≥v≥n 
hours an≤ ruptur≥≤ wat≥r bags, was pr≥s≥nt≥≤ to 
T≥aching V≥t≥rinary Clinical Compl≥x, V≥t≥rinary 
Univ≥rsity, Mathura (R≥g. No. 94ı/′5.ıİ.ı′). 
Clinical ≥xamination r≥v≥al≥≤ an incr≥as≥ in 
r≥spiration an≤ puls≥ rat≥ with normal r≥ctal 
t≥mp≥ratur≥. Obst≥trical ≥xamination r≥v≥al≥≤ 
≤≥a≤ f≥tus in ant≥rior longitu≤inal pr≥s≥ntation 
an≤ ≤orso-sacral position with both th≥ for≥limb 
≥xt≥n≤≥≤ in birth canal, an≤ palpation of bas≥ of 
th≥ n≥ck at th≥ l≥v≥l of p≥lvic inl≥t sugg≥stiv≥ of 
≥xtr≥m≥ ≤≥viation of n≥ck (right si≤≥), foun≤ to b≥ 
major caus≥ of th≥ ≤ystocia.

TREATMENT AND DISCUSSION

Th≥ animal was r≥strain≥≤ in lat≥ral 
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r≥cumb≥ncy, ≥ffort w≥r≥ ma≤≥ to corr≥ct th≥ 
≤≥viat≥≤ n≥ck through obst≥trical mano≥uvr≥s but 
unsucc≥ssful, th≥n it was ≤≥ci≤≥≤ to amputat≥ th≥ 
n≥ck at its bas≥. In this cours≥, th≥ ≤≥viat≥≤ n≥ck of 
f≥tus was amputat≥≤ at its bas≥ (Figur≥ ı, b) aft≥r 
cr≥ating som≥ spac≥ by amputing right for≥-limb 
of f≥tus at scapular l≥v≥l (Figur≥ ı, a) with ≤oubl≥ 
barr≥l Thyg≥son’s f≥totom≥. For this, f≥totom≥ was 
partially thr≥a≤≥≤ on on≥ si≤≥, an≤ a san≤ snar≥ 
intro≤uc≥r was appli≥≤ at ≥n≤ of th≥ wir≥. Th≥ wir≥ 
was th≥n carri≥≤ into th≥ birth canal with loos≥ 
loops to pass ov≥r th≥ ≤≥viat≥≤ n≥ck an≤ r≥tri≥v≥≤ 
from oth≥r si≤≥; th≥ f≥totom≥ was th≥n compl≥t≥ly 
thr≥a≤≥≤ outsi≤≥, an≤ th≥ loop was position≥≤ n≥ar 
th≥ bas≥ of th≥ n≥ck. Now, th≥ h≥a≤ of f≥totom≥ 
was carri≥≤ into th≥ birth canal an≤ position≥≤ 
at th≥ bas≥ of th≥ n≥ck v≥ntrally. Finally, sawing 
was ≤on≥, initially with short strok≥s follow≥≤ by 
a continuous full han≤ strok≥s till th≥ n≥ck was 
amputat≥≤. Th≥ amputat≥≤ n≥ck along with h≥a≤ 
was ≥xtract≥≤ by applying Kr≥y-Schottl≥r ≤oubl≥ 
joint≥≤ ≥y≥ hook. Aft≥r thorough lubrication of 
th≥ birth canal, forc≥≤ traction was appli≥≤ on 
≥xt≥n≤≥≤ l≥ft for≥limb & rib cag≥, r≥maining ≤≥a≤ 
mal≥ f≥tus was ≥xtract≥≤ out. Th≥r≥aft≥r, buffalo 
was a≤minist≥r≥≤ with Inj. D≥xtros≥ normal salin≥ 
5% (′ Litr≥, I/V), Inj. Calcium borogluconat≥ (45İ 
ml, I/V), Inj. Intamox (4 gm, I/M), Inj. M≥loxicam 
(ıİİ mg, I/M) an≤ Inj. D≥xam≥thason≥ (″İ 
mg, I/M) an≤ plac≥nta was ≥xp≥ll≥≤ out at sam≥ 
night without any assistanc≥.Th≥ morphological 
≥xamination f≥tal h≥a≤ r≥v≥al≥≤ that th≥r≥ was 
abs≥nc≥ of typical upp≥r an≤ low≥r jaw l≥a≤ing to 
lat  fac≥,  b≥aring  singl≥  orbit  with  fus≥≤  two  ≥y≥ 
balls an≤ two s≥parat≥ corn≥as at for≥ h≥a≤ ma≤≥ 
th≥ fac≥ of calf just lik≥ monk≥y fac≥ (Figur≥ ′, a, b 
an≤ c). Both upp≥r an≤ low≥r ≥y≥li≤s ru≤im≥ntary 
with scanty ≥y≥lash≥s an≤ abs≥nc≥ of ≥y≥ bro. 
Muzzl≥, nostrils an≤ typical nos≥ (arhinia). Th≥r≥ 

was two tubular app≥n≤ag≥s w≥r≥ plac≥≤ abov≥ 
th≥ orbit an≤ b≥low th≥ ru≤im≥ntary oral op≥ning 
(Figur≥ ″, a an≤ b). In tru≥ cyclopia orbital r≥gion 
is grossly ≤≥form≥≤, r≥sulting in th≥ formation 
of a c≥ntral cavity ‘ps≥u≤o-orbit’, b≥aring singl≥ 
≥y≥ with abs≥nc≥ of nasal cavity an≤ pr≥s≥nc≥ of 
a ru≤im≥ntary proboscis abov≥ th≥ ps≥u≤o-orbit 
(Garzozy an≤ Barkay, ı985). If two glob≥s ar≥ 
foun≤ in a ≤iff≥r≥nt ≤≥gr≥≥ of fusion in th≥ ps≥u≤o-
orbit, th≥ con≤ition is call≥≤ synophthalmos 
(Garzozy an≤ Barkay, ı985). Th≥ pr≥s≥nt monst≥r 
b≥aring fus≥≤ ≥y≥ ball (Synophthalamos) with 
proboscis which was mo≤iication of th≥ nos≥ an≤ 
low≥r tubular app≥n≤ag≥s probably mo≤iication of 
chin as hair patt≥rn was similar to chin.

Both ≥ars w≥r≥ normal an≤ hairs w≥r≥ 
pr≥s≥nt all ov≥r th≥ bo≤y. Th≥r≥ was ru≤im≥ntary 
visibl≥ fus≥≤ ≥y≥s which was also r≥port≥≤ in non-
≤≥script cow (Gupta an≤ Anan≤, ′İİ′). Ozcan 
≥t al. (′İİ6) r≥port≥≤ an atypical cyclopia in a 
Brown  Swiss  cross  calf  with  most  signiicant 
malformation such as th≥ pr≥s≥nc≥ of a m≥≤ian 
orbita-lik≥ op≥ning that ≤i≤ not contain an ≥y≥ball 
an≤ oth≥r ≤≥f≥cts inclu≤≥≤ pros≥nc≥phalic aplasia, 
brachygnathia sup≥rior an≤ arhinia. Arhinia an≤ 
cyclopia in a G≥rman Fl≥ckvi≥h calf was also 
r≥port≥≤ by (Schulz≥ an≤ Distl, ′İİ6). Khasatiya 
(′İıİ) also r≥port≥≤ a c≥boc≥phalus (cyclopia) 
monst≥r in a cross-br≥≤ cow an≤ not≥≤ that 
≥pith≥liog≥n≥sis imp≥rf≥cta ov≥r th≥ for≥h≥a≤ an≤ 
bo≤y, having ru≤im≥ntary an≤ s≥parat≥ ≥y≥ balls 
an≤ atypical ≤≥form≥≤ ≥ars an≤ jaw.

Thus th≥ pr≥s≥nt r≥port ≤≥scrib≥s r≥li≥ving 
≤ystocia ≤u≥ to s≥v≥r≥ ≤≥viation of n≥ck an≤ h≥a≤ 
associat≥≤ with atypical cyclopia along with arhinia 
in a buffalo calf. Though it is prov≥≤ that cong≥nital 
abnormality g≥n≥rally manif≥station of g≥n≥tic 
abnormaliti≥s or ≥xtr≥m≥ ≥nvironm≥ntal a≤v≥rs≥ 
≥ff≥ct ≤uring th≥ organog≥n≥sis of th≥ f≥tus. Th≥s≥ 
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Figur≥ ı. Extract≥≤ ≤≥a≤ f≥tus aft≥r amputation of right for≥-limb (a) an≤ n≥ck (b).

Figur≥ ′. Singl≥ ≥y≥ orbit (a) with fus≥≤ two ≥y≥ balls (b) with two s≥parat≥ corn≥as (c).
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factors w≥r≥ ionising ra≤iation, som≥ of ≤rugs 
lik≥ contrac≥ptiv≥s, vira≥mia plus corticost≥roi≤s 
an≤ salicylat≥s, rub≥lla vaccin≥, antibiotics, an≤ 
ami≤opyrin≥ (aminopyrin≥) as r≥port≥≤ in human 
(B≥nawra ≥t al., ı98İ; Mollica ≥t al., ı98ı). In 
on≥ stu≤y (Binns ≥t al., ı96″) foun≤ that cyclopic 
malformation  in n≥wborn lambs in a lock of sh≥≥p 
an≤ stat≥≤ that this anomaly aris≥s ≤u≥ to ing≥stion 
of V≥ratrum californicum in pr≥gnant  ≥w≥s. In 
th≥  pr≥s≥nt  cas≥,  i≤≥ntiication  of  sp≥ciic  caus≥ 
will ai≤ in ≥nsuring th≥ pr≥v≥ntiv≥ m≥asur≥s. This 
coul≤ b≥ achi≥v≥≤ by g≥n≥tic analysis of th≥ ≤am 
an≤ sir≥ of a ≤≥f≥ctiv≥ f≥tus an≤ ≤≥tail account of 
ant≥natal ≥xposur≥ of ≤am to various ≤rugs or oth≥r 
t≥ratological ag≥nts to which ≤am might hav≥ b≥≥n 
≥xpos≥≤ ≤uring th≥ ≥arly g≥station l≥a≤ing to th≥ 
cyclopic con≤ition in th≥ calf. 
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Cas≥ R≥port

ABSTRACT

A cas≥ of ≤ystocia in a Murrah buffalo ≤u≥ 
to Schistosomus  r≥l≥xus monst≥r is r≥port≥≤ an≤ 
≤iscuss≥≤ h≥r≥.

K≥ywor≤s: Bubalus bubalis, buffalo, Schistosomus 
r≥l≥xus, Murrah buffalo

INTRODUCTION

Schistosomus  r≥l≥xus is a rar≥ an≤ 
fatal cong≥nital ≤isor≤≥r. Primarily obs≥rv≥≤ in 
ruminants,  its  ≤≥ining  f≥atur≥s  inclu≤≥  spinal 
inv≥rsion, ≥xposur≥ of th≥ ab≤ominal visc≥ra 
b≥caus≥ of a issur≥ of th≥ v≥ntral ab≤ominal wall, 
limb ankylosis, positioning of th≥ limbs a≤jac≥nt 
to th≥ skull an≤, lung an≤ ≤iaphragm hypoplasia 
(Laughton ≥t al., ′İİ5). Th≥ con≤ition b≥longs to 
th≥ family of ≤≥f≥cts involving incompl≥t≥ closur≥ 
of th≥ v≥ntral bo≤y wall. Th≥ ‘schistosomus’ asp≥ct 
of th≥ syn≤rom≥ i.≥. th≥ pr≥s≥nc≥ of a cong≥nital 
schistoco≥lia is manif≥st≥≤ in many sp≥ci≥s (Bishnoi 
≥t al., ı987; Pivnick ≥t al., ı998). Conv≥rs≥ly, th≥ 
‘r≥l≥xus’  compon≥nt  of  th≥  ≤isor≤≥r  is  limit≥≤  to 
only a f≥w sp≥ci≥s. In fact, it has b≥≥n sugg≥st≥≤ 
by B≥z≥k an≤ Fraz≥r (ı994) that this anomaly is 
r≥strict≥≤  to  ruminants. Th≥  ‘r≥l≥xus’  compon≥nt 
alon≥ has b≥≥n ≤≥scrib≥≤ using such varying 

t≥rminology  as  ≤orsil≥xion,  ≤orsal  l≥xion, 
r≥trol≥xion  an≤  inv≥rsion  (Laughton ≥t al., 
′İİ5). Th≥ pr≥val≥nc≥ of Schistosomus r≥l≥xus is 
b≥li≥v≥≤  to  occur  in  cattl≥  from  as  low  as  İ.İı% 
(Sloss an≤ Johnston, ı967) to a high of ı.″ (Knight, 
ı996). Such occurr≥nc≥s ar≥ costly to th≥ cattl≥ an≤ 
buffalo own≥rs b≥caus≥ of th≥ r≥≤uction in numb≥r 
of  viabl≥ offspring’s,  loss  of  milk pro≤uction an≤ 
cost of f≥tal ≥xtraction or ca≥sar≥an s≥ction. This 
monstrosity has b≥≥n r≥port≥≤ in cattl≥ (Jana an≤ 
Ghosh,  ′İİı)  an≤  wat≥r  buffalo  (Murthy ≥t al., 
ı99ı; Singla an≤ Sharma, ı99′). Th≥ pr≥s≥nt cas≥ 
r≥ports a rar≥ occurr≥nc≥ of Schistosomus r≥l≥xus 
in a Murrah buffalo.

CASE HISTORY AND OBSERVATIONS

A cas≥ of ≤ystocia (R≥gistration No. 
E-7ıı6İ ≤at≥≤ ′9.İ7.′İı6) in a pl≥uriparous 
Murrah  buffalo  was  pr≥s≥nt≥≤  to  T≥aching 
V≥t≥rinary Clinical Compl≥x, Coll≥g≥ of 
V≥t≥rinary Sci≥nc≥s, Lala Lajpat Rai Univ≥rsity of 
V≥t≥rinary an≤ Animal Sci≥nc≥s, Hisar (Haryana) 
with  th≥  history  of  straining  an≤  hanging  of  f≥tal 
stomach  ill≥≤  with  mucoi≤  lui≤  an≤  loops  of 
int≥stin≥s through th≥ ≤am’s vulva (Figur≥ ı) an≤ 
no progr≥ssion in parturition for last 9 h. Th≥ 
own≥r  of  th≥  animal  was  cross  ch≥ck≥≤  for  any 
mishan≤ling by th≥ v≥t≥rinary practition≥rs at 

DELIVERY OF A SCHISTOSOMUS REFLEXUS MONSTER THROUGH CAESAREAN 
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Figur≥ ′. Schistosomus r≥l≥xus monst≥r ≤≥liv≥r≥≤ through ca≥sar≥an s≥ction.

Fiur≥ ı. Hanging of f≥tal stomach ill≥≤ with mucoi≤ lui≤ an≤ loop of int≥stin≥s of a Schistosomus r≥l≥xus  
              monst≥r.
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≤oor st≥p an≤ it r≥v≥al≥≤ that parav≥t≥rinary staff 
r≥f≥rr≥≤ th≥ animal as a cas≥ of ruptur≥ of mat≥rnal 
ut≥rus l≥a≤ing to prolaps≥ of int≥stin≥s. Following 
≥pi≤ural  an≥sth≥sia  an≤  sufici≥nt  lubrication, 
animal  was  ≥xamin≥≤  p≥r  vaginally.  P≥r-vaginal 
≥xamination  r≥v≥al≥≤  that  th≥  birth  passag≥  was 
compl≥t≥ly r≥lax≥≤, f≥tal r≥l≥x≥s w≥r≥ abs≥nt an≤ 
th≥  f≥tus  was  conirm≥≤  as  ≤≥a≤.  F≥tal  thoracic 
an≤  ab≤ominal  cont≥nts  w≥r≥  pr≥s≥nt  in  th≥  birth 
canal. No r≥mnants of f≥tal v≥ntral bo≤y wall w≥r≥ 
appar≥nt. Th≥ cas≥ was ≤iagnos≥≤ as ≤ystocia ≤u≥ 
to Schistosomus r≥l≥xus.

TREATMENT AND DISCUSSION

Epi≤ural  ana≥sth≥sia  with  ′%  lignocain≥ 
was giv≥n to th≥ ≤am, follow≥≤ by ≥visc≥ration of 
protru≤ing  f≥tal  cont≥nts  an≤  forc≥≤  traction  was 
appli≥≤. But coul≤ not succ≥≥≤ ≤u≥ to ≤≥form≥≤ 
f≥tal p≥lvis. Th≥ own≥r was a≤vis≥≤ for ca≥sar≥an 
s≥ction.  Th≥  ca≥sar≥an  s≥ction  was  p≥rform≥≤ 
as p≥r routin≥ surgical m≥tho≤ (param≥≤ian, 
lat≥ral to milk v≥in) an≤ a Schistosomus  r≥l≥xus 
monst≥r was ≤≥liv≥r≥≤ (Figur≥ ′). On th≥ basis of 
≥xt≥rnal g≥nitalia, s≥x of monst≥r was f≥mal≥. Th≥ 
≤am  was  a≤minist≥r≥≤  syst≥mic  broa≤  sp≥ctrum 
antibiotics (C≥ftriaxon≥ plus Sulbactum), anti- 
inlammatory ≤rugs (Flunixin m≥glumin≥), h≥rbal 
≥cbolics, calcium boro-gluconat≥, normal salin≥, 
m≥troni≤azol≥ an≤ multivitamins. Th≥ tr≥atm≥nt 
was r≥comm≥n≤≥≤ furth≥r for s≥v≥n ≤ays. 

F≥tal  p≥lvis  was  ≤≥form≥≤  an≤  th≥ 
≤≥formation of th≥ p≥lvis is a variabl≥ sk≥l≥tal 
anomaly that r≥sults from th≥ spinal inv≥rsion an≤ 
compr≥ssion  b≥tw≥≥n  th≥  inv≥rt≥≤  spin≥  an≤  th≥ 
cau≤al bon≥s of th≥ skull (Bugalia ≥t al., ı98′; 
Rob≥rts, ı97ı). Th≥ lungs of f≥tus w≥r≥ hypoplastic 
which  also  hav≥  b≥≥n  r≥port≥≤  in  oth≥r  cas≥s 

(D≥nnis an≤ M≥y≥r, ı965; Fatimah ≥t al., ı98ı). 
|H≥patom≥galy was obs≥rv≥≤ an≤ similar cas≥ was 
also r≥port≥≤ by Laughton ≥t al. (′İİ5). For≥ an≤ 
hin≤  limbs  w≥r≥  ankylos≥≤  an≤  it  was  ≤ificult 
to straight≥n th≥m. C≥rvical int≥rv≥rt≥bral joints 
w≥r≥  in  ankylos≥≤  stat≥.  A  mor≥  or  l≥ss  similar 
charact≥ristic monstrosity in crossbr≥≤ cattl≥ (Jana 
an≤ Ghosh, ′İİı; Singh ≥t al., ′İıİ) an≤ buffalo 
(Chan≤raprasa≤ ≥t al.,  ′İıİ)  was  obs≥rv≥≤  wh≥n 
≤ystocia was r≥li≥v≥≤ by ca≥sar≥an s≥ction.
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Cas≥ R≥port

ABSTRACT

 Pr≥s≥nt cas≥ r≥port ≤≥als with a rar≥ cas≥ 
of ≤ystocia ≤u≥ to fo≥tal scoliosis (lat≥ral curvatur≥ 
of  lumbar  r≥gion  of  v≥rt≥bral  column),  ≤warism 
(short bo≤y l≥ngth) an≤ arthrogryposis (≤≥form≥≤ 
joints of limbs) an≤ its succ≥ssful manag≥m≥nt 
through p≥rvaginum. 

K≥ywor≤s: Bubalus bubalis, buffalo, scoliosis, 
arthrogryposis, Murrah gra≤≥≤ buffalo, ≤ystocia

INTRODUCTION

Cong≥nital anomali≥s an≤ l≥ss fr≥qu≥ntly, 
multipl≥ cong≥nital anomali≥s, ar≥ r≥port≥≤ to b≥ 
≥ncount≥r≥≤ in ≤om≥stic animals that ar≥ pr≥s≥nt 
at birth, which in turn may caus≥ obst≥trical 
probl≥ms (Arthur ≥t al., ′İİı). Th≥s≥ Cong≥nital 
abnormaliti≥s of fo≥tus with structur≥ an≤ function 
ar≥ pr≥s≥nt at birth is r≥lativ≥ly l≥ss fr≥qu≥nt 
in bovin≥s (Rahman ≥t al., ′İİ6). Anomali≥s 
occurring ≤u≥ to cong≥nital ≤≥f≥cts oft≥n l≥a≤ to 
≤ystocia. Limb joint ≤≥formati≥s lik≥ arthrogryposis 
is caus≥≤ by an autosomal r≥c≥ssiv≥ g≥n≥ with 
compl≥t≥ p≥n≥tranc≥ in th≥ homozygous stat≥ 
(Goon≥war≤≥n≥ an≤ B≥rg, ı976). Arthrogryposis 
is a rar≥ cong≥nital musculosk≥l≥tal anomaly an≤ 

is s≥≥n in all br≥≥≤s of cattl≥, with gr≥at≥r inci≤≥nc≥ 
in Angus an≤ Charolais br≥≥≤s (Abbot ≥t al., ı986; 
Win≤sor, ′İıı). Th≥ aff≥ct≥≤ calv≥s ≥xhibit joints 
ix≥≤  in  abnormal  positions  an≤  fr≥qu≥ntly  hav≥ 
scoliosis an≤ kyphosis (Shup≥ ≥t al., ı967; K≥≥l≥r, 
ı974). Th≥ musculosk≥l≥tal ≤≥f≥cts of th≥ fo≥tus 
lik≥  rigi≤  an≤  ix≥≤  limbs  in  abnormal  postur≥ 
oft≥n l≥a≤ to ≤ystocia (Ai≥llo, ′İİİ; Katiyar ≥t al., 
′İı5). Scoliosis is a con≤ition charact≥riz≥≤ by 
abnormal ≤orsal curvatur≥ of a spin≥ an≤ ≤warism 
is charact≥riz≥≤ by short≥n≥≤ l≥ngth of bo≤y an≤ 
limbs (V≥ga≤ an≤ Swamy, ′İıİ). Th≥ inci≤≥nc≥ of 
cong≥nital ≤≥f≥cts in calv≥s rang≥s from ′ to ″.5% 
(Ai≥llo, ′İİİ) of which, musculosk≥l≥tal ≤≥f≥cts 
account for ′4% (L≥ipol≤ ≥t al., ı98″). 

CASE HISTORY AND CLINICAL 
OBSERVATIONS

A pl≥uriparous Murrah gra≤≥≤ buffalo 
ag≥≤ about 6 y≥ars was pr≥s≥nt≥≤ in clinics with a 
history of full t≥rm g≥station. Animal was showing 
signs of straining for last ı′ h an≤ irst wat≥r bag 
was ruptur≥≤ 6 h back. Limbs w≥r≥ visibl≥ in vulva 
wh≥n cas≥ was pr≥s≥nt≥≤ in clinics. Animal was 
pr≥viously han≤l≥≤ by quak≥s for ′ to ″ h with 
unsucc≥ssful att≥mpts. P≥r vaginal ≥xamination 
r≥v≥al≥≤ a f≥tus with abnormal ≤orsal curvatur≥ 
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an≤ was pr≥s≥nt≥≤ in post≥rior pr≥s≥ntation with 
≤orso-iliac position. F≥tus was matur≥≤ with short 
bo≤y l≥ngth an≤ was pack≥≤ in p≥lvic cavity. Acut≥ 
≤orso-lat≥ral curvatur≥ of v≥rt≥bral column was 
pr≥v≥nting th≥ ≥xtraction of th≥ f≥tus. C≥rvix was 
compl≥t≥ly ≤ilat≥≤ with no lubrication.

TREATMENT AND DISCUSSION

 Th≥ buffalo was pr≥-m≥≤icat≥≤ with inj. 
D≥xam≥thason≥ 4İ mg, i.m total ≤os≥ (Zi≤≥x; ′İ 
mL; Laborat≥ Pharma Lt≤.). Lubrication of birth 
canal  was  achi≥v≥≤  with  h≥avy  Liqui≤  Parafin 
(approximat≥ly ′ litr≥s) which was follow≥≤ by 
snaring of hin≤ limbs at f≥tlock joint. As th≥ f≥tus 
was in ≤orso-iliac position, it was rotat≥≤ to ≤orso-
sacral position by hol≤ing hin≤ limbs. F≥tus was 
pull≥≤ in ≤ownwar≤ an≤ lat≥ral ≤ir≥ction just 
to cr≥at≥ a≤≤itional gap b≥tw≥≥n p≥lvic bon≥ of 
buffalo an≤ scoliotic back of calf. A ≤≥a≤ mal≥ calf 
was ≥xtract≥≤ aft≥r forc≥≤ ≥xtraction. Th≥ buffalo 
was tr≥at≥≤ with Inj. Intac≥f 4.İ gm (Intas Pharma. 
Lt≤.), Inj. M≥loxicam İ.′ mg/kg bo≤y wt. i.m 
(Intas  Pharma  Lt≤.)  for  5  ≤ays. Th≥  lui≤  th≥rapy 
was ≤on≥ with inj. Ring≥r’s Lactat≥ (5 litr≥s) an≤ 

inj. Normal salin≥ (5 litr≥s) by i.v. rout≥ along with 
supportiv≥ th≥rapy for 5 ≤ays. Animal Show≥≤ 
un≥v≥ntful r≥cov≥ry an≤ was ≤ischarg≥≤ aft≥r 5 
≤ays. 

Gross ≥xamination of th≥ f≥tus r≥v≥al≥≤ 
an abnormal ≤orso-lat≥ral curvatur≥ of spin≥ 
(Scoliosis) an≤ b≥n≤ing of joints at kn≥≥ an≤ 
f≥tlock joint (Arthrogryposis) (Figur≥ ı). Ov≥rall 
short≥n≥≤ l≥ngth of both for≥limbs an≤ bo≤y show≥≤ 
≤warism.  G≥n≥rally  ≤≥f≥cts  of  v≥rt≥bral  column 
such as Kyphosis an≤ scoliosis ar≥ obs≥rv≥≤ in 
ruminants (Rahman ≥t al., ′İİ6) an≤ ar≥ r≥sponsibl≥ 
for ≤ystocia in th≥s≥ animals (Katiyar ≥t al., ′İı5) 
as obs≥rv≥≤ in our cas≥. How≥v≥r oth≥r sk≥l≥tal 
≤≥f≥cts of ≥xtr≥miti≥s for ≥xampl≥ torticollis an≤ 
arthrogryposis can also caus≥ ≤ystocia in animals 
as aff≥ct≥≤ f≥tus≥s occupy mor≥ spac≥ in p≥lvic 
cavity an≤ ar≥ ≤ificult to manag≥ (Mahajan ≥t al., 
′İİ6; Singh ≥t al., ′İİ8).
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Cas≥ R≥port

ABSTRACT

A ′ y≥ars ol≤ mal≥ buffalo calf was 
pr≥s≥nt≥≤ with a history of prolaps≥≤ mass hanging 
from of anal r≥gion from last ′ w≥≥ks with signs 
of  straining  an≤  ≤ificulty  to  ≤≥f≥cat≥.  Anoth≥r 
signs  inclu≤≥≤  inlammatory  signs  on  r≥ctal  wall, 
soiling with ≤irt an≤ cong≥st≥≤ mucous m≥mbran≥. 
Th≥ animal was tr≥at≥≤ un≤≥r post≥rior ≥pi≤ural 
an≥sth≥sia  using  lignocain≥  hy≤rochlori≤≥  ′%. 
Th≥ prolaps≥≤ mass was manually r≥plac≥≤ an≤ 
purs≥  string  sutur≥  was  appli≥≤.  Broa≤  sp≥ctrum 
antibiotics an≤ analg≥sics w≥r≥ a≤minist≥r≥≤ post-
op≥rativ≥ly. Animal r≥cov≥r≥≤ un≥v≥ntfully 8th post 
tr≥atm≥nt ≤ays.

K≥ywor≤s: Bubalus bubalis,  buffalo,  r≥ctal 
prolaps≥, crossbr≥≤, buffalo calf

INTRODUCTION

Many aff≥ctions of ≤ig≥stiv≥ syst≥m foun≤ 
buffalo≥s ≤u≥ to in≤ig≥stion an≤ som≥tim≥s worm 
inf≥station.  Prolaps≥  of  r≥ctum  on≥  of  th≥m  it 
involv≥s ≥v≥rsion of th≥ r≥ctum b≥yon≤ th≥ l≥v≥l of 
th≥ anus. R≥ctum prolaps≥ involv≥s r≥ctal mucosa 
along r≥ctal wall. It may b≥ incompl≥t≥ typ≥ wh≥r≥ 
r≥ctal mucosa is ≥v≥rt≥≤, or compl≥t≥, in which all 
r≥ctal lay≥rs ar≥ protru≤≥≤. Som≥tim≥s, th≥ r≥ctum 

prolaps≥ may associat≥≤ with intussusc≥ptions 
of  th≥  larg≥  int≥stin≥  i.≥.  r≥ctum,  colon  or  ≥v≥n 
small int≥stin≥ Slatt≥r (′İİ″). Th≥ prolaps≥ of th≥ 
r≥ctum occurs not only in buffalo≥s also in oth≥r 
animals lik≥ pigs, ruminants, hors≥s an≤ carnivor≥s 
(An≤≥rson  an≤  M≥isn≥r,  ′İİ8).  Symptoms  an≤ 
corr≥ctions ≤≥p≥n≤ on th≥ ≤≥gr≥≥ of ≤amag≥ to 
th≥  mucosal  lay≥rs.  G≥n≥rally,  manual  r≥position 
of anatomical position with support of ≥xt≥rnal 
application of sutur≥ h≥lps fast≥r r≥cov≥ry of th≥ 
prolaps≥≤.  If  con≤ition  p≥rsists  without  any  signs 
of r≥cov≥ry n≥≥≤s amputation of th≥ prolaps≥ is 
in≤icat≥≤ or wh≥n p≥rforating injuri≥s or n≥crosis 
of  th≥  mucosal  lay≥rs  ar≥  pr≥s≥nt  (K≥rsj≥s ≥t al., 
ı985).  This  pap≥r  pr≥s≥nts  a  cas≥  of  prolaps≥  of 
r≥ctum an≤ its manag≥m≥nt in a mal≥ buffalo calf.

MATERIALS AND METHODS

History
A ′ y≥ars ol≤ mal≥ buffalo calf pr≥s≥nt≥≤ 

with th≥ complaint of larg≥ protru≤≥≤ mass 
through  th≥  p≥rin≥um  r≥gion.  As  p≥r  own≥r 
anamn≥sis this con≤ition was pr≥s≥nt≥≤ sinc≥ ′ 
w≥≥ks an≤ pr≥viously th≥ con≤ition was tr≥at≥≤ 
by local parav≥ts with manual manipulation with 
application  of  various  m≥≤icin≥s.  Tr≥atm≥nt 
show≥≤ no signiicant chang≥s an≤ fruitful r≥sults. 
Own≥r was unsatisi≥≤ with th≥ pr≥vious tr≥atm≥nt 
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an≤ want≥≤ p≥rman≥nt r≥m≥≤i≥s. Th≥ own≥r cam≥ 
again  for  th≥  tr≥atm≥nt  with  lots  of  hop≥.  Oth≥r 
history  r≥v≥al≥≤  anor≥xia.  constipation,  fr≥qu≥nt 
straining an≤ ≤ificulty in ≤≥f≥cation.
Clinical obs≥rvations

Th≥  animal  was  ≥xamin≥≤  to  in≤  out 
≤iff≥r≥nt sings for prop≥r ≤iagnosis of th≥ 
con≤ition. Clinical signs inclu≤≥≤ ≤ry, rough skin, 
pal≥ mucous m≥mbran≥ along with larg≥ bulg≥≤ 
mass protru≤≥≤ through anal op≥ning (Figur≥ ı). 

Diagnosis
For  th≥  conirmation  of  th≥  con≤ition 

≤iagnosis was ma≤≥ by th≥ h≥lp of own≥r 
history an≤ clinical obs≥rvations show≥≤ by 
animal.  Diff≥r≥ntial  ≤iagnosis  was  also  for 
ma≤≥  for  comparison  with  similar  in≤ings  lik≥ 

intussusc≥ptions ≥tc. Finally on th≥ basis of all th≥ 
obs≥rvations th≥ cas≥ was ≤iagnos≥≤ as prolaps≥≤ 
of r≥ctum. As th≥ cas≥ was ≤≥lay≥≤ pr≥s≥nt≥≤, ol≤≥r 
an≤  ≥m≥rg≥ncy  n≥≥≤,  ≤≥ci≤≥≤  to  p≥rform  manual 
manipulation support≥≤ with surgical proc≥≤ur≥s. 

RESULT AND DISCUSSIONS

Tr≥atm≥nt was initiat≥≤ with lui≤ th≥rapy 
inj≥ction DNS (ıİİİ ml, i/v) was giv≥n to improv≥ 
th≥  con≤ition  from  ≤≥hy≤ration.  Animal  s≥cur≥≤ 
prop≥rly an≤ ≤≥s≥nsitization was achi≥v≥≤ by 
post≥rior  ≥pi≤ural  ana≥sth≥sia  using  ı5  ml  of  ′% 
lignocain≥ hy≤rochlori≤≥. Th≥ visibl≥ ≤irt mat≥rials 
of prolaps≥≤ mass w≥r≥ r≥mov≥≤ manually 
with  glov≥≤  han≤.  Th≥  mass  was  wash≥≤  with 
th≥ h≥lp of ′% potassium p≥rmagnat≥ solution 

Figur≥  ı.  Showing  th≥  larg≥  protru≤≥≤  mass  of  r≥ctum.Du≥  to  ≥xt≥rnal  ≥xposur≥s  th≥  mass  was  injur≥≤, 
t≥ns≥,  o≥≤≥matous,  swoll≥n  an≤  contaminat≥≤  with  mu≤. Animal  show≥≤  w≥ak  puls≥,  irr≥gular 
r≥spiration ≤u≥ to str≥ss an≤ ≤≥pr≥ssion. On manual manipulation by han≤ th≥ protru≤≥≤ mass was 
r≥position≥≤ in to th≥ir normal anatomical position but wh≥n th≥ han≤ was r≥mov≥≤ th≥ mass was 
again r≥turn≥≤ back in to as usual con≤ition.
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(ı:ıİİİ  ≤ilutions).  Th≥  mass  was  r≥position≥≤ 
in to th≥ normal anatomical position manually 
aft≥r  lubrication  with  liqui≤  parafin.  To  pr≥v≥nt 
th≥ r≥curr≥nc≥ th≥ a≤≤itionally r≥t≥ntion sutur≥ 
(purs≥  string  sutur≥)  w≥r≥  appli≥≤  ov≥r  th≥  wall 
with cotton thr≥a≤ aft≥r impr≥gnation of povi≤on≥ 
io≤in≥ antis≥ptic solution (Figur≥ ′). 

Povi≤on≥ io≤in≥ follow≥≤ by Silv≥r nitrat≥ 
ointm≥nt was appli≥≤ ov≥r th≥ ≥xt≥rnal woun≤s 
cr≥at≥≤ ≤uring suturing. Post-op≥rativ≥ly, antibiotic 
in≥ction C≥ftrixon≥ ′İ mg/kg, Antispasmotic ag≥nt 
Dicyclomin≥ ac≥tat≥, ıİ ml an≤ anti-inlammatory 
M≥loxicam İ.′ mg/kg bo≤y w≥ight intramuscularly 
w≥r≥  giv≥n  on  sam≥  an≤  subs≥qu≥ntly  n≥xt  four 
≤ays. Cotton thr≥a≤ was r≥mov≥≤ aft≥r 8th ≤ays aft≥r 
compl≥t≥ h≥aling. Th≥ animals show≥≤ un≥v≥ntful 
r≥cov≥ry without signs of any complications an≤ 
r≥curr≥nc≥ of th≥ cas≥. 

Prolaps≥  of  r≥ctum  usually  foun≤  in 
young animals ≤u≥ to with s≥v≥r≥ ≤iarrh≥a an≤ 
t≥n≥smus.  Any  ≤≥lay  in  tr≥atm≥nts  may  l≥a≤  to 
o≥≤≥ma,  ischa≥mia,  lac≥ration,  ha≥morrhag≥s  an≤ 

shock,  r≥sulting  in  prognosis  as  poor  to  hop≥l≥ss 
(Pan≤≥ an≤ Pan≤≥, ′İİ′; Rubin, ′İı″). Long t≥rm 
con≤ition cr≥at≥s intra ab≤ominal pr≥ssur≥ ≤u≥ to 
bloat,  proctitis,  ≤iarrhor≥a,  act  of  parturition  an≤ 
constipation  (Tyagi  an≤  Singh,  ′İıİ).  Similar 
in≤ing  was  also  obs≥rv≥≤  on  th≥  pr≥s≥nt  stu≤y. 
Som≥tim≥s  it  is  g≥n≥tically  inh≥rit≥≤  trait  is 
anoth≥r factor that pr≥≤ispos≥s calv≥s to ≤≥v≥lop 
r≥ctal prolaps≥ (Davi≤ an≤ Matt, ′İİ8). Lignocain≥ 
hy≤rochlori≤≥ ′% ≥pi≤ural was us≥≤ by Singh an≤ 
Jain  (′İı″)  as  in  th≥  pr≥s≥nt  cas≥.  Th≥  similar 
tr≥atm≥nt was a≤opt≥≤ for r≥ctal prolaps≥ r≥position 
an≤ application of a purs≥ string sutur≥ as ≤≥scrib≥≤ 
by th≥ J≥an an≤ An≤≥rson (′İİ6); Borobia-B≥lsn≥ 
(′İİ6);  Ma≤hu ≥t al.  (′İı4).  S≥v≥ral  t≥chniqu≥s 
of prolaps≥≤ r≥ctum amputation hav≥ b≥≥n 
≤≥scrib≥≤ an≤ acc≥pt≥≤ lik≥ submucosal r≥s≥ction 
(Johnson,  ı94″),  r≥ctal  ring  m≥tho≤,  stair  st≥p 
amputation (Fubini an≤ Duchram≥, ′İİ4; W≥av≥r 
≥t al., ′İİ5), ≤≥lorm≥’s op≥ration (D≥lorm≥, ı9İİ) 
an≤ popular trans ab≤ominal proc≥≤ur≥s nam≥ly 
Ivalon®  spong≥  (Morgan ≥t al.,  ı97′),  Marl≥x 

Figur≥ ′. Purs≥ string sutur≥ ov≥r th≥ wall.
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m≥sh  (K≥ighl≥y ≥t al.,  ı98″),  Ripst≥in  (Ripst≥in, 
ı97′),  p≥rin≥al  surgical  r≥pair  (Nay  an≤  Blair, 
ı97′),  prophylactic  colcop≥xy  (Sh≥r≤ing,  ı996) 
an≤  ≥xt≥n≤≥≤  ab≤ominal  r≥ctop≥xy  (Mann  an≤ 
Hoffman, ı988). It was conclu≤≥≤ that this typ≥ of 
cas≥s n≥≥≤ ≥arly ≤iagnosis an≤ n≥≥≤ful tr≥atm≥nt 
b≥caus≥ som≥tim≥s it may b≥ lif≥ thr≥at≥ning.
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Cas≥ R≥port

ABSTRACT

 A postpartum swamp buffalo with a high 
bo≤y con≤ition scor≥ (4.5/5) that ≤i≤ not show any 
signs of h≥at aft≥r calving (≤ays op≥n= ı′′ ≤ays) 
was submitt≥≤ for r≥pro≤uctiv≥ ≥xamination. Th≥ 
buffalo was milk≥≤ ≥v≥ry morning an≤ suckl≥≤ 
aft≥r that th≥ whol≥ ≤ay. On ≥xamination, an 
ovarian cyst of about ″ cm ≤iam≥t≥r was palpat≥≤ 
r≥ctally in th≥ l≥ft ovary, which was conirm≥≤ by 
transr≥ctal ultrasonography an≤ by m≥asuring th≥ 
plasma prog≥st≥ron≥ l≥v≥l 7 ≤ays lat≥r. Th≥ cas≥ 
was tr≥at≥≤ with a common tr≥atm≥nt r≥gim≥n 
of gona≤otropin r≥l≥asing hormon≥ follow≥≤ by 
prostaglan≤in F′ alpha 7 ≤ays lat≥r. Th≥ buffalo 
r≥turn≥≤ to ≥strus an≤ was mat≥≤ with a bull ı6 
≤ays aft≥r th≥ ons≥t of tr≥atm≥nt. This cas≥ stu≤y 
sugg≥sts that a r≥gular postpartum r≥pro≤uctiv≥ 
≥xamination shoul≤ b≥ p≥rform≥≤ for a tim≥ly 
≤iagnosis of probl≥ms, an≤ that tr≥atm≥nt with a 
stan≤ar≤ hormonal protocol can r≥solv≥ cas≥s of 
ovarian cyst in swamp buffalo≥s.
 
K≥ywor≤s: Bubalus bubalis, buffalo, ovarian cyst, 
swamp buffalo, gona≤otropin r≥l≥asing hormon≥, 
prostaglan≤in F′ alpha

INTRODUCTION

 Cystic ovarian follicl≥ (COF) is a major 
r≥pro≤uctiv≥ probl≥m, causing inf≥rtility an≤ 
≥conomic loss in buffalo≥s (Vanhol≤≥r ≥t al., 
′İİ6). Th≥ p≥rc≥nt of slaught≥r≥≤ buffalo in 
In≤ia foun≤ to hav≥ COF was 9.5% (Sax≥na ≥t 
al., ′İİ6). Th≥ main cat≥gori≥s of ovarian cysts 
ar≥ follicular cyst an≤ lut≥al cyst (Vanhol≤≥r ≥t 
al., ′İİ6). Follicular cysts ar≥ primarily obs≥rv≥≤ 
in th≥ ≥arly postpartum p≥rio≤ (Vanhol≤≥r ≥t al., 
′İİ6). Follicular cysts r≥s≥mbl≥ ≥nlarg≥≤ follicl≥s, 
g≥n≥rally ≤≥in≥≤ as varying in siz≥ gr≥at≥r than ′.5 
cm in ≤iam≥t≥r, that p≥rsist for at l≥ast ıİ ≤ays in 
th≥ abs≥nc≥ of a corpus lut≥um (Garv≥rick, ı997). 
Th≥ most notic≥abl≥ signs of follicular cysts ar≥ 
irr≥gular ≥strus int≥rvals, r≥≤uc≥≤ milk pro≤uction, 
p≥rsist≥nt bulling b≥havior or nymphomania an≤ 
an≥strus (Vanhol≤≥r ≥t al., ′İİ6). Th≥ cyst’s surfac≥ 
≤uring r≥ctal palpation is smooth, slightly ≥l≥vat≥≤, 
an≤ luctuating (Farin ≥t al., ı99İ). Follicular cysts 
ar≥ usually thin-wall an≤ s≥cr≥t≥ littl≥ prog≥st≥ron≥ 
(Brito ≥t al., ′İİ4; Nos≥ir an≤ Sosa, ′İı5). In th≥ 
lat≥r stag≥s of follicular cysts lutinization will occur 
an≤ th≥y will turn into lut≥al cyst (Brito ≥t al., ′İİ4). 
Lut≥al cysts hav≥ thick≥r walls (mor≥ than follicular 
cysts) pro≤uc≥ mor≥ prog≥st≥ron≥ (l≥v≥l ≥ı ng/ml) 
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an≤ ar≥ associat≥≤ with an≥strus b≥havior (Brito ≥t 
al., ′İİ4). R≥ctal palpation r≥v≥als a lacci≤ ut≥rus, 
irm, protru≤ing on th≥ surfac≥ of th≥ ovary (Farin 
≥t al., ı99″). Th≥ ≤≥v≥lopm≥nt of ovarian cysts in 
buffalo has b≥≥n associat≥≤ in th≥ ≥arly postpartum 
p≥rio≤ with hormonal, m≥tabolic, nutritional an≤ 
≥nvironm≥ntal imbalanc≥s (Garv≥rick, ı997).
 Int≥nsiv≥ farming syst≥m m≥tho≤s hav≥ 
r≥c≥ntly b≥gun to b≥ us≥≤ in swamp buffalo farms in 
Thailan≤. Th≥ animals ar≥ f≥≤ pr≥par≥≤ conc≥ntrat≥s 
both for nourishm≥nt an≤ to pr≥par≥ th≥ animals 
for buffalo cont≥sts or milking – rath≥r than th≥ 
fr≥≥  grazing  syst≥m  us≥≤  in  th≥  past.  Artiicial 
ins≥mination has also b≥≥n us≥≤ in th≥ last ıİ y≥ars. 
Many inf≥rtility issu≥s hav≥ b≥≥n ≤≥t≥ct≥≤, on≥ of 
which is ovarian cysts which caus≥ a long calving 
int≥rval an≤ r≥≤uc≥ th≥ lif≥tim≥ pro≤uctivity of th≥ 
animal. Th≥r≥ ar≥ no publications on ovarian cysts, 
how≥v≥r, in swamp buffalo. This cas≥ r≥port coul≤ 
provi≤≥ us≥ful information an≤ basic gui≤≥lin≥s 
on how to approach th≥ ovarian cyst probl≥m in 
swamp buffalo.  

CASE DESCRIPTION

 Th≥ pr≥s≥nt stu≤y was carri≥≤ out by a 
v≥t≥rinarian t≥am in a swamp buffalo farm in 
Prachinburi in th≥ East≥rn part of Thailan≤ ≤uring a 
4 month p≥rio≤ from Jun≥ ′″r≤, ′İı8 to August ı9th, 
′İı8. A postpartum routin≥ ch≥cking of th≥ cas≥ 
stu≤y’s swamp buffalo was ≤on≥. Th≥ buffalo was 
5 y≥ars ol≤, s≥con≤ parity with th≥ last calving on ı 
March ′İı8 (≤ays op≥n= ı′′ ≤ays) an≤ th≥ animal 
ha≤ shown no ≥strous signs sinc≥ calving. This 
buffalo’s milk output was l≥ss than oth≥r buffalo 
in th≥ farm. Th≥ av≥rag≥ milk yi≥l≤ from March 
″İ, ′İı8 – to Jun≥ ′9, ′İı8 was ı.″ kg/≤ay. Th≥ 
buffalo was f≥≤ ı6% prot≥in conc≥ntrat≥ 6 kg/≤ay 

onc≥ a ≤ay, roughag≥ ′ tim≥s a ≤ay with fr≥sh grass 
an≤ ric≥ straw, cl≥an≥≤ tab wat≥r was pr≥s≥nt≥≤ 
a≤ libitum. Both roughag≥ an≤ conc≥ntrat≥ w≥r≥ 
stor≥≤ in a cl≥an an≤ ≤ry hous≥. Th≥ buffalo an≤ h≥r 
calf w≥r≥ k≥pt in an in≤ivi≤ual ′5 m′ p≥n with an 
ins≥ct prot≥ctiv≥ n≥t, rubb≥r r≥clining pa≤s an≤ ı5 
minut≥s of sprinkl≥ wat≥r ≥v≥ry hour - throughout 
th≥ ≤ay.

PHYSICAL AND REPRODUCTIVE 
EXAMINATIONS 

 Evaluation of vital signs: all w≥r≥ normal 
(t≥mp≥ratur≥ ıİı.8 oF, h≥art rat≥ 5′ bpm, puls≥ rat≥ 
6İ bpm, r≥spiration rat≥ 7′ bpm, CRT <′ s≥con≤s, 
pink mucous m≥mbran≥). G≥n≥ral physical 
≥xamination show≥≤ a bo≤y con≤ition scor≥ of 
4.5/5, goo≤ hair coat, normal hy≤ration status, 
f≥c≥s scor≥ ′/5. Ext≥rnal r≥pro≤uctiv≥ organs 
≥xamination pr≥s≥nt≥≤ normal vulva conformation, 
pink-r≥≤ vulva, cl≥ar mucous vaginal ≤ischarg≥, 
vaginoscopy scor≥ İ/″ (no pus) an≤ shiny with 
normal moistur≥.
 Int≥rnal  r≥pro≤uctiv≥  organs  w≥r≥  
≥xamin≥≤ by r≥ctal palpation which pr≥s≥nt≥≤ a 
clos≥≤ c≥rvix, ″ cm in ≤iam≥t≥r an≤ 7 cm in l≥ngth. 
Ut≥rin≥ ton≥ was gra≤≥≤ ı/″ (slightly lacci≤) an≤ 
≥xhibit≥≤ a symm≥try of ut≥rin≥ horns. A larg≥ siz≥ 
follicl≥ of about ″ cm in ≤iam≥t≥r with smooth, 
luctuating an≤ ≥lastic surfac≥ was foun≤ in th≥ l≥ft 
ovary.
 

DIFFERENTIAL DIAGNOSIS
 
 Ovarian cysts hav≥ som≥ similar 
symptoms to, an≤ ar≥ oft≥n mis≤iagnos≥≤ as: 
hy≤ron≥phrosis, hy≤rosalphinx, paraovarian cyst, 
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≥ctopic pr≥gnancy, ovarian torsion, tubo-ovarian 
abc≥ss≥s, ovarian canc≥r an≤ oth≥r con≤itions such 
as app≥n≤icitis or ≤iv≥rticulitis (Farin ≥t al., ı99″).

FURTHER DIAGNOSIS

 Th≥ r≥pro≤uctiv≥ tract of th≥ swamp buffalo 
was ≥xamin≥≤ by transr≥ctal ultrasonography. Th≥ 
ovari≥s w≥r≥ scann≥≤ with an ultrasoun≤ scann≥r 
≥quipp≥≤  with  a  6.5  to  -7.5  MHz  lin≥ar  prob≥ 
(SonoScap≥®, Italy). Th≥ c≥rvix was ′.8 cm in 
≤iam≥t≥r an≤ abs≥nt ut≥rin≥ ≤ischarg≥ (≤ischarg≥ 
scor≥=İ/″). Th≥ right ut≥rin≥ horn wall was İ.7 cm 
in thickn≥ss, th≥ right ovary ″x′ cm in ≤iam≥t≥r 
with small spots of an≥choic ar≥as that app≥ar≥≤ 
as small follicl≥s. Th≥ l≥ft ut≥rin≥ horn wall was 
İ.9 cm in thickn≥ss, an≤ th≥ l≥ft ovary ″.4x4 cm 
in ≤iam≥t≥r with a thin-wall (ı mm), an≤ a ″cm 
≤iam≥t≥r an≥choic an≤ hypo≥choic ar≥a. Bloo≤ 
analysis foun≤ macrocytic normochromic with 
n≥utrophilia, lymphop≥nia, monocytosis an≤ str≥ss 
l≥ukogram. A plasma prog≥st≥ron≥ conc≥ntration of 
İ.′ ng/ml was m≥asur≥≤ using a stan≤ar≤ assay kit 
(Ch≥milumin≥sc≥nt Microparticl≥ Immunoassay, 
Abbott≥ Laboratory Limit≥≤, USA). 

DIAGNOSIS

 T≥ntativ≥ly, th≥ cas≥ was ≤iagnos≥≤ 
as an ovarian cyst (″ cm in ≤iam≥t≥r) in th≥ 
l≥ft  ovary,  which  was  conirm≥≤  by  transr≥ctal 
ultrasonography an≤ a plasma prog≥st≥ron≥ l≥v≥l 
of l≥ss than ı ng/ml. 

TREATMENT 

Th≥  stan≤ar≤  tr≥atm≥nt  protocol  utiliz≥s  GnRH, 
follow≥≤ 7 ≤ays lat≥r with prostaglan≤in F′ alpha 
(PGF′α). This protocol app≥ars to in≤uc≥ ovulation 
in a high p≥rc≥ntag≥ of anovulation cas≥s (Nos≥ir 
an≤ Sosa, ′İı5).
 This protocol was s≥l≥ct≥≤ for tr≥ating this 
cas≥. As shown in Figur≥ ı, on ≤ay -ı′ (Jun≥ ′″, 
′İı8) th≥ initial ≤iagnosis was ≤on≥ (palpation an≤ 
ultrasoun≤). On ≤ay – 5, (Jun≥ ″İ, ′İı8) bloo≤ 
coll≥ction for a compl≥t≥ bloo≤ count (CBC) an≤ 
bloo≤ ch≥mistry analysis was p≥rform≥≤. On ≤ay 
-′ (July ″, ′İı8), bloo≤ coll≥ction to ch≥ck th≥ 
prog≥st≥ron≥ l≥v≥l was ≤on≥. On ≤ay İ (July 5, ′İı8), 
th≥ buffalo was inj≥ct≥≤ with 5 ml GnRH (İ.İ′ mg 
bus≥r≥lin ac≥tat≥, R≥c≥ptal®, Int≥rv≥t Int≥rnational 
GmbH, G≥rmany). S≥v≥n ≤ays lat≥r (July ı′, 
′İı8) bloo≤ coll≥ction to ch≥ck th≥ prog≥st≥ron≥ 
l≥v≥l an≤ an ultrasoun≤ for corpus lut≥um ≤≥t≥ction 
w≥r≥ ≤on≥, follow≥≤ by an inj≥ction of 5 ml PGF′α 
(′5 mg ≤inoprost trom≥thamin≥, Lutalys≥®, Piz≥r 
Inc, USA). Finally on ≤ay ′″ (July ı8, ′İı8) th≥ 
buffalo was succ≥ssfully mat≥≤ (Figur≥ ı).

PROGNOSIS

 Aft≥r tr≥atm≥nt with this protocol, th≥ 
ovarian cyst in th≥ swamp buffalo was r≥solv≥≤ 
in ıİ ≤ays (Figur≥ ′). A normal, f≥rtil≥ ≥strus can 
b≥ ≥xp≥ct≥≤ in ı5–″İ ≤ays. Lik≥wis≥, succ≥ssful 
tr≥atm≥nt will incr≥as≥ th≥ rat≥ of pr≥gnancy.

DISCUSSION

 Ovarian cysts ar≥ on≥ of th≥ most important 
ovarian ≤isor≤≥rs in buffalo. This buffalo show≥≤ 
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Figur≥ ı. Follicular cyst tr≥atm≥nt protocol.

Figur≥ ′. Th≥ ovarian structur≥s b≥for≥ an≤ aft≥r tr≥atm≥nt w≥r≥ monitor≥≤ by ultrasonography;
                (A) Th≥ ≤iam≥t≥r of th≥ l≥ft ovary is 4x′ cm th≥ ≤iam≥t≥r of th≥ ovarian cyst is ″.′x″ cm with a  
                       thin- wall (ı mm).
    (B) Th≥ ≤iam≥t≥r of th≥ right ovary ″.″x′ cm with small an≤ m≥≤ium follicl≥s.
    (C) Th≥ ≤iam≥t≥r of th≥ l≥ft ovary is ″.8x′.8 cm, th≥ ≤iam≥t≥r of a corpus lut≥um is ′xı.7 cm. 
    (D) Th≥ ≤iam≥t≥r of th≥ right ovary is ′.′xı.4 cm with small, m≥≤ium follicl≥.
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a slightly fat (4.5/5) bo≤y con≤ition scor≥ which 
coul≤ sugg≥st that nutritional imbalanc≥s an≤ 
m≥tabolic ≤isor≤≥r factors in≤uc≥≤ th≥ ovarian 
cyst issu≥, which is consist≥nt with th≥ bloo≤ t≥st 
r≥sults that show≥≤ a str≥ss l≥ukogram (Garv≥rick, 
ı997). Our stu≤y pr≥s≥nt≥≤ a cas≥ of an ovarian 
cyst in a swamp buffalo as conirm≥≤ by transr≥ctal 
ultrasonography an≤ plasma prog≥st≥ron≥ l≥v≥l 
≤≥t≥ction as its ≤iff≥r≥ntial ≤iagnostic m≥tho≤s 
(M≥≤an ≥t al., ′İİ4). This ovarian cyst coul≤ hav≥ 
b≥≥n a follicular cyst bas≥≤ on th≥ ≥vi≤≥nc≥. Th≥ 
cow pr≥s≥nt≥≤ a milk pro≤uction rat≥ which was 
low≥r than normal in swamp buffalo (′.İαİ.9 kg/
cow/≤ay) (Chaikhun ≥t al., ′İı′). Transr≥ctal 
ultrasoun≤ of th≥s≥ structur≥s was compatibl≥ 
with  a  larg≥  follicl≥  with  a  thin  wall  an≤  a  lui≤ 
an≤  cont≥nt-ill≥≤  cavity.  Th≥s≥  in≤ings  w≥r≥ 
in agr≥≥m≥nt with Brito ≥t al. (′İİ4) as was th≥ 
conc≥ntration of plasma prog≥st≥ron≥ İ.′-İ.4 
ng/ml (Lin ≥t al., ı99″). Th≥ ovarian cyst may 
hav≥ b≥≥n in th≥ proc≥ss of transforming from a 
follicular cyst to a lut≥al cyst which may b≥ why 
th≥ cow pr≥s≥nt≥≤ an≥strus. Th≥ r≥sults of th≥ 
pr≥s≥nt stu≤y ≤≥monstrat≥ that an ovarian cyst can 
b≥ tr≥at≥≤ ≥ff≥ctiv≥ly using a singl≥ inj≥ction of 
GnRH follow≥≤ by PGF′α (Garv≥rick, ı997). Th≥ 
≥ficacy  of  this  tr≥atm≥nt  of  follicular  cysts  was 
conirm≥≤ by th≥ lut≥inization of th≥ follicular cyst 
an≤ an incr≥as≥ in th≥ conc≥ntration of prog≥st≥ron≥ 
(M≥≤an ≥t al., ′İİ4). In this cas≥ stu≤y on ≤ay 7 
aft≥r tr≥atm≥nt ≥xamination show≥≤ th≥ corpus 
lut≥um in th≥ l≥ft ovary similar to a pr≥vious r≥port 
(Nan≤a ≥t al., ı988). Th≥ hormonal protocol in this 
cas≥ has b≥≥n us≥≤ succ≥ssfully for th≥ tr≥atm≥nt 
of follicular cysts in buffalo with a succ≥ss rat≥ 
of 6İ to 7İ%, similar to th≥ rat≥ r≥port≥≤ in cows 
tr≥at≥≤ with GnRH (Riba≤u, ı99ı; Garv≥rick, 
ı997). A r≥port has sugg≥st≥≤ that a succ≥ssful 
mating program may r≥≤uc≥ r≥curr≥nc≥s by 

≥stablishing pr≥gnancy as soon as possibl≥ (Brito 
≥t al., ′İİ4). Th≥r≥for≥, r≥gular ≥strous ≤≥t≥ction 
an≤ mating ≥ith≥r by bull or artiicial ins≥mination 
w≥r≥ sugg≥st≥≤ to th≥ farm≥r an≤ th≥ buffalo was 
mat≥≤ by bull ı6 ≤ays aft≥r tr≥atm≥nt. Postpartum 
r≥pro≤uctiv≥ function shoul≤ b≥ monitor≥≤ at l≥ast 
45 ≤ays aft≥r calving for an ovarian r≥sumption 
≥valuation (P≥t≥r ≥t al., ′İİ9). This coul≤ h≥lp 
≤≥t≥ct any r≥pro≤uctiv≥ issu≥s an≤ assist in th≥ 
cr≥ation  of  an  ≥fici≥nt  mating  plan  in  buffalo 
farms.
 In conclusion, th≥ pr≥≤isposing factors 
in th≥ pr≥s≥nt stu≤y w≥r≥ nutritional imbalanc≥s 
an≤ m≥tabolic ≤isor≤≥rs. Th≥ follicular cyst in this 
cas≥ was conirm≥≤ by transr≥ctal ultrasonography 
an≤ th≥ conc≥ntration of plasma prog≥st≥ron≥. 
Th≥ stan≤ar≤ tr≥atm≥nt with GnRH an≤ PGF′α 
inj≥ctions was foun≤ to b≥ ≥ff≥ctiv≥ in tr≥ating th≥ 
follicular cyst in this swamp buffalo. How≥v≥r, 
str≥ss manag≥m≥nt an≤ prop≥r ≤i≥tary manag≥m≥nt 
shoul≤ b≥ monitor≥≤ in this cas≥ to pr≥v≥nt 
r≥occurr≥nc≥. 
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Cas≥ R≥port

ABSTRACT

Th≥ pr≥s≥nt clinical stu≤y ≤≥scrib≥s 
succ≥ssful surgical manag≥m≥nt of a r≥ctal strictur≥ 
≤u≥ to circumf≥r≥ntial ibroma (ibrous ring) in two 
r≥c≥ntly calv≥≤ a≤ult buffalo≥s. Both buffalo≥s 
ha≤ a chronic history of straining whil≥ ≤≥f≥cation 
with  no  r≥ctal  prolaps≥.  At  pr≥s≥ntation,  th≥s≥ 
buffalo≥s w≥r≥ passing scanty an≤ pasty f≥c≥s. P≥r 
r≥ctal ≥xamination r≥v≥al≥≤ r≥ctal strictur≥ ≤u≥ to 
≤≥markabl≥ circumf≥r≥ntial ibrous ring which was 
lat≥r  histopathologically  ≤iagnos≥≤  as  ibroma  in 
th≥ sub mucosa of th≥ r≥ctum. Surgical r≥s≥ction 
of th≥ ibrous ring was ≤on≥ un≤≥r cau≤al ≥pi≤ural 
an≥sth≥sia. Both buffalo≥s r≥cov≥r≥≤ un≥v≥ntfully 
an≤ no r≥curr≥nc≥ of this con≤ition was obs≥rv≥≤ 
on long t≥rm follow up of 4 y≥ars an≤ six months, 
r≥sp≥ctiv≥ly.

K≥ywor≤s: Bubalus bubalis,  buffalo,  bovin≥, 
f≥cal  obstruction,  ibrous  ring,  ibroma,  straining, 
surg≥ry

INTRODUCTION

Strictur≥  is  a  narrowing  of  th≥  lum≥n 
≤u≥ to cicatrical tissu≥. Injury to th≥ r≥ctum ≤u≥ 

to  for≥ign  bo≤i≥s  or  trauma,  n≥oplasia  or  fat 
n≥crosis  impinging  on  or  within  th≥  lum≥n  or 
from  ≤≥f≥cts  associat≥≤  with  r≥ctal  an≤  vaginal 
strictur≥s may r≥sult in r≥ctal strictur≥s in cattl≥ 
(Kahn  an≤  Lin≥,  ′İıİ).  Various  tumors  such  as 
scirrhous  a≤≥nocarcinoma  (Suzuki  an≤  Ohshima, 
ı99″),  ibroma  (Bos≥ ≥t al.,  ı98ı)  an≤  poorly 
≤iff≥r≥ntiat≥≤ carcinoi≤ (Michishita ≥t al., ′İİ7) of 
th≥ r≥ctum hav≥ b≥≥n r≥port≥≤ in cattl≥. Th≥ r≥cto-
vaginal strictur≥ in cattl≥ may also b≥ cong≥nital 
(Ra≤ostits ≥t al.,  ′İİ7).  Acquir≥≤  r≥ctal  strictur≥ 
in th≥ f≥≥≤≥r pigs of ′ to ″ months has also b≥≥n 
r≥port≥≤ ≤u≥ to Salmon≥lla typhimurium;  though, 
it  has  b≥≥n  sugg≥st≥≤  that  th≥r≥  was  an  inh≥rit≥≤ 
compon≥nt in th≥ ≥tiology. Th≥ r≥ctal strictur≥ in 
pigs has b≥≥n r≥port≥≤ to b≥ ′ to 5 cm ant≥rior to th≥ 
anus an≤ can b≥ f≥lt with ≤igital palpation (Jackson 
an≤ Cockcroft, ′İİ′; Ra≤ostits ≥t al., ′İİ7). 

Th≥ tr≥atm≥nt of r≥ctal strictur≥ in small 
animals is usually balloon ≤ilation combin≥≤ 
with  intra  l≥sional  inj≥ctions  of  long  acting 
corticost≥roi≤s such as triamcinolon≥. But in 
larg≥ animals it usually inclu≤≥s r≥s≥ction of th≥ 
strictur≥≤ ar≥a using r≥ctal pull through t≥chniqu≥ 
(Kahn  an≤  Lin≥,  ′İıİ).  Occurr≥nc≥  an≤  surgical 
manag≥m≥nt of cau≤al r≥ctal tumors hav≥ also b≥≥n 
≤≥scrib≥≤ in buffalo≥s (Mosbah an≤ Naggar, ′İı′) 
but associat≥≤ r≥ctal strictur≥ which coul≤ hav≥ l≥≤ 
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to ≤ificult ≤≥f≥cation has not b≥≥n m≥ntion≥≤. Th≥ 
pr≥s≥nt cas≥ r≥port ≤≥scrib≥s two cas≥s of buffalo 
having  r≥ctal  strictur≥s  ≤u≥  to  ibrous  ring,  lat≥r 
≤iagnos≥≤ to b≥ a ibroma, which w≥r≥ succ≥ssfully 
surgically tr≥at≥≤ by r≥s≥ction of th≥ strictur≥ ar≥a. 

CASE HISTORY AND PRESENTATION

Two r≥c≥ntly calv≥≤, non-gravi≤ buffalo≥s 
w≥r≥  pr≥s≥nt≥≤  to  th≥  ≤≥partm≥nt  of  V≥t≥rinary 
Surg≥ry an≤ Ra≤iology at ≤iff≥r≥nt tim≥s with th≥ 
chronic  history  of  straining  whil≥  ≤≥f≥cation  of 
f≥c≥s. Th≥ ≤≥tail≥≤ signalm≥nt, history an≤ clinical 
pr≥s≥ntation of th≥s≥ buffalo≥s has b≥≥n giv≥n in 
Tabl≥ ı.

P≥r  r≥ctal  ≥xamination  r≥v≥al≥≤  r≥ctal 
lum≥n  strictur≥  at  a  ≤≥pth  of  about  ıİ  cm  from 
th≥ anus in both th≥ cas≥s. Th≥ strictur≥ coul≤ b≥ 
pull≥≤  out  of  anus  using  ing≥r  (Figur≥  ′).  Only 
on≥  ing≥r  op≥ning  in  buffalo  ′  an≤  thr≥≥  ing≥rs 
in buffalo ı was pr≥s≥nt in th≥ strictur≥ r≥gion. A 
circumf≥r≥ntial  ibrous  ring  in  th≥  r≥ctal  mucosa 
was  f≥lt  causing  th≥  strictur≥.  Consi≤≥ring  th≥ 
in≤ings, r≥s≥ction of th≥ strictur≥ ring was plann≥≤ 
un≤≥r cau≤al ≥pi≤ural an≥sth≥sia.

TREATMENT AND DISCUSSION

Th≥ surgical int≥rv≥ntion was ≤on≥ un≤≥r 
cau≤al ≥pi≤ural an≥sth≥sia by inj≥cting 5 ml of 
inj.  lignocain≥  Hcl  ′%  into  th≥  sacro-coccyg≥al 
spac≥. Th≥ ons≥t of an≥sth≥sia was obs≥rv≥≤ within 
ıİ  minut≥s.  Th≥  surgical  sit≥  was  cl≥an≥≤  an≤ 
pr≥par≥≤ as≥ptically. By pulling th≥ strictur≥ out of 
th≥  anus  with  th≥  h≥lp  of  ing≥r,  two  stay  sutur≥s 
w≥r≥ appli≥≤ using silk No. ′ at ″ an≤ 9 o’ clock 
position  of  th≥  strictur≥  (Figur≥  ″).  Th≥  sutur≥s 

w≥r≥  grasp≥≤  with  art≥ry  forc≥ps  an≤  pull≥≤,  so 
that th≥ strictur≥ sit≥ coul≤ b≥ visualiz≥≤ an≤ ma≤≥ 
stabl≥ ≤uring surgical man≥uv≥r. A circumf≥r≥ntial 
incision  was  ma≤≥  on  th≥  r≥ctal  mucosa  ov≥r  th≥ 
ibrous ring. Th≥ ibrous tissu≥ causing strictur≥ was 
≤iss≥ct≥≤ out (Figur≥ 4). Four horizontal mattr≥ss 
sutur≥s  w≥r≥  appli≥≤  at  four  qua≤rants  to  oppos≥ 
th≥ mucosal incision using catgut no. ı in buffalo 
I; how≥v≥r, no sutur≥s w≥r≥ appli≥≤ in buffalo II. 
Aft≥r  surg≥ry,  th≥  r≥ctal  lum≥n  was  larg≥  ≥nough 
(Figur≥  5)  to  pass  full  han≤.  Th≥  r≥s≥ct≥≤  tissu≥ 
was  subj≥ct≥≤  to  histopathological  ≥xamination. 
Post  op≥rativ≥ly  inj.  Ampicillin-Cloxacillin  ıİ 
mg/kg  an≤  inj  G≥ntamicin  ′  mg/kg,  twic≥  ≤aily, 
intramuscularly,  w≥r≥  a≤minist≥r≥≤  for  5  an≤  ″ 
≤ays,  r≥sp≥ctiv≥ly  along  with  inj.  M≥loxicam  İ.′ 
mg/kg, onc≥ ≤aily, for ″ ≤ays. Daily application of 
soframycin cr≥am an≤ lignocain≥ j≥lly was a≤vis≥≤ 
at th≥ surg≥ry sit≥ insi≤≥ th≥ r≥ctum for 5 to 7 ≤ays. 
It was also a≤vis≥≤ to pass full han≤ into th≥ r≥ctum, 
′ to ″ tim≥s ≤aily for ıİ ≤ays to act as a ≤ilator. 

Histopathologically,  w≥ll circumscrib≥≤ 
no≤ul≥s  of  ≤≥ns≥  ibrous  tissu≥  with  occasional 
spin≤l≥ c≥lls having scant cytoplasm an≤ ≥longat≥ 
nucl≥i with ≥v≥nly ≤istribut≥≤ in≥ chromatin w≥r≥ 
s≥≥n on H & E stain. Th≥ collag≥nous ib≥rs w≥r≥ 
r≥p≥titiv≥ an≤ w≥r≥ arrang≥≤ in int≥rwov≥n fascicl≥s. 
On  th≥  basis  of  th≥s≥  in≤ings,  th≥  con≤ition  was 
≤iagnos≥≤ as ibroma (Figur≥ 6). T≥l≥phonic follow 
up at r≥gular int≥rvals up to 4 y≥ars in buffalo I an≤ 
6 months in buffalo II r≥v≥al≥≤ th≥s≥ to b≥ h≥althy, 
with  goo≤  r≥pro≤uctiv≥  status  an≤  w≥r≥  passing 
normal f≥c≥s without straining.

R≥ctal strictur≥ has b≥≥n r≥port≥≤ as a 
cong≥nital  con≤ition  in  cattl≥  along  with  vaginal 
involv≥m≥nt (Ra≤ostits ≥t al., ′İİ7) though oth≥r 
r≥asons lik≥ for≥ign bo≤y, n≥oplasia or fat n≥crosis 
in th≥ r≥ctum hav≥ also b≥≥n r≥port≥≤ to b≥ th≥ 
caus≥s of r≥ctal strictur≥ in cattl≥ (Kahn an≤ Lin≥, 
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Figur≥ ı. Photograph showing fr≥qu≥nt an≤ ≥xc≥ssiv≥ straining with bulging of almost ı5 cm of anal ar≥a 
whil≥ ≤≥f≥cation of f≥c≥s.

Figur≥ ′. Photograph showing sit≥ of r≥ctal strictur≥.
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Figur≥ ″. Photograph showing r≥ctal strictur≥ with stay sutur≥s at ″ an≤ 9 ‘İ clock position (y≥llow arrow).

Figur≥ 4. Photograph showing r≥s≥ct≥≤ ibrous ring.
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Figur≥ 5. Photograph showing wi≤≥ning of r≥ctal op≥ning aft≥r surg≥ry.

Figur≥ 6. Photograph showing H an≤ E stain of histological sampl≥ in ıİx showing typical f≥atur≥s of ibroma.
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′İıİ). Th≥ pigs suff≥ring from r≥ctal strictur≥ hav≥ 
b≥≥n  r≥port≥≤  with  clinical  signs  of  progr≥ssiv≥ 
ab≤ominal  ≤ist≥nsion,  inapp≥t≥nc≥,  ≥maciation, 
≤≥hy≤ration  an≤  wat≥ry  to  pasty  f≥c≥s  (Jackson 
an≤  Cockcroft,  ′İİ′;  Ra≤ostits ≥t al.,  ′İİ7). 
How≥v≥r, th≥ buffalo≥s in th≥ pr≥s≥nt stu≤y ha≤ no 
appar≥nt  ab≤ominal  ≤ist≥nsion,  though  straining 
was  p≥rsist≥nt.  Para  r≥ctal  absc≥ss  (Sangwan ≥t 
al., ′İİ8) or cyst (Sangwan ≥t al., ′İıı) in bullock 
an≤ buffalo, r≥sp≥ctiv≥ly ar≥ also b≥≥n r≥port≥≤ as 
th≥  caus≥  of  fr≥qu≥nt  straining  whil≥  ≤≥f≥cation 
of  f≥c≥s.  P≥r  r≥ctal ≥xamination/  ≤igital palpation 
along  with  c≥rtain  bioch≥mical  t≥sts  an≤  n≥≥≤l≥ 
c≥nt≥sis  ar≥  som≥tim≥s  r≥quir≥≤  to  ≤iff≥r≥ntiat≥ 
th≥s≥  con≤itions  (Jackson  an≤  Cockcroft,  ′İİ′; 
Ra≤ostits ≥t al.,  ′İİ7;  Sangwan ≥t al.,  ′İİ8; 
Sangwan ≥t al., ′İıı). Cau≤al ≥pi≤ural an≥sth≥sia 
has b≥≥n r≥port≥≤ to b≥ sufici≥nt for p≥rianal r≥gion 
(Sangwan ≥t al.,  ′İİ8;  Sangwan ≥t al.,  ′İıı).  In 
pigs th≥ strictur≥ can b≥ f≥lt ≤igitally at ′ to 5 cm 
ant≥rior  to  th≥  anus  (Ra≤ostits ≥t al.,  ′İİ7  an≤ 
Jackson an≤ Cockcroft, ′İİ′), whil≥ in th≥ pr≥s≥nt 
cas≥s, it was f≥lt almost ıİ cm ant≥rior to th≥ anus. 
Incision at th≥ ≤orsal an≤ lat≥ral asp≥ct of th≥ 

strictur≥ or compl≥t≥ r≥s≥ction of th≥ strictur≥ ar≥a 
using  pull  through  t≥chniqu≥  has  b≥≥n  sugg≥st≥≤ 
in  larg≥  animals  (Kahn  an≤  Lin≥,  ′İıİ)  but  no 
such r≥port in buffalo≥s coul≤ b≥ trac≥abl≥. In th≥ 
pr≥s≥nt r≥port compl≥t≥ r≥moval of th≥ ibrous ring 
causing  strictur≥  was  foun≤  to  succ≥ssful  in  both 
th≥ buffalo≥s on long t≥rm follow up.
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Physiological status calv≥≤ 6 w≥≥ks back calv≥≤ 8 w≥≥ks back
History of ≤ystocia Non≥ Non≥
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Straining whil≥ 
≤≥f≥cation
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of anus

S≥v≥r≥ straining with bulging of almost 
ı5 cm of anal ar≥a (Figur≥ı)
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p≥rtin≥nt y≥ar an≤ volum≥ numb≥r of th≥ r≥f≥r≥nc≥.
 In t≥xt. Cit≥  publications  in  t≥xt  with  author 
nam≥ an≤ y≥ar. Thr≥≥ or mor≥ authors us≥ “≥t al.”. 
In  par≥nth≥tical  citations,  s≥parat≥  author  an≤  y≥ar 
with  a  comma.  Us≥  sufix≥s  a,  b  an≤  c  to  s≥parat≥ 
publications  in  sam≥  y≥ar  by  th≥  sam≥  author.  S≥mi-
colon s≥parat≥ citations of ≤iff≥r≥nt authors. Cit≥ two or 
mor≥  publications  of  ≤iff≥r≥nt authors in chronological 
s≥qu≥nc≥, from ≥arli≥st to lat≥st. For ≥xampl≥:
………….us≥≤  liqui≤  nitrog≥n  vapour  fr≥≥zing 
t≥chniqu≥ from V≥rma ≥t al. (ı975)
………….liqui≤  nitrog≥n  vapour  fr≥≥zing  t≥chniqu≥ 
(V≥rma ≥t al., ı975)
………….an≤ buffalo≥s (Singh ≥t al., ı98″; Shah ≥t al., 

ı987; Misra, ı996; Pant ≥t al., ′İİ′)
In r≥f≥r≥nc≥ cit≥≤. List  only  thos≥ 

lit≥ratur≥  cit≥≤  in  th≥  t≥xt.  R≥f≥r≥nc≥s  shoul≤  b≥ 
list≥≤  alphab≥tically  by  th≥  irst  author’s  last  nam≥. 
Singl≥  author  pr≥c≥≤≥s  sam≥ author with co-authors. 
Typ≥  r≥f≥r≥nc≥s  lush  l≥ft  as  s≥parat≥  paragraphs.  Do 
not  in≤≥nt manually. Writ≥ th≥ nam≥ of book or journal 
in italic l≥tt≥rs. Us≥ th≥ following  format.

Always  us≥  th≥  stan≤ar≤  abbr≥viation  of 
a  journal’s  nam≥  accor≤ing  to  th≥  Journal  List  of 
Journal  Titl≥  Abbr≥viations,  W≥b  of  Sci≥nc≥,  s≥≥ 
http://imag≥s.w≥bofknowl≥≤g≥.com/imag≥s/h≥lp/
WOS/Aşabrvjt.html
•	 Journal articl≥s:  Author(s).  Y≥ar.  Articl≥  titl≥. 
Journal titl≥, volum≥ numb≥r:  inclusiv≥ pag≥s.

Exampl≥: Citation in t≥xt: Chau≤hary ≥t al. (ı98ı)

Chou≤hary, P.C., B. Prasa≤ an≤ S.K. Misra. ı98ı. Not≥ 
on th≥ us≥ of rum≥n liquor  in th≥ tr≥atm≥nt of 
chronic  alkalin≥  in≤ig≥stion  in  cows. In≤ian J. 
Anim. Sci., 5ı: ″56-″6İ.

•	 Books: Author(s) or ≥≤itor(s). Y≥ar. Titl≥. Publish≥r 
nam≥, Plac≥ of  publication. Numb≥r of pag≥s.

Exampl≥: Citation in t≥xt: Sn≥≤≥cor an≤ Cochram. ı98İ.
Sn≥≤≥cor, G.W. an≤ W.G. Cochram. ı98İ. Statistical 

M≥tho≤s,  7th ≥≤.  Th≥  Iowa  Stat≥  Univ≥rsity 
Pr≥ss, Am≥s, Iowa, USA. 59″p.

Sattar,  A.  ı995. Stu≤i≥s on th≥ ≥ff≥ct of 
immunopot≥ntiation of vaccinat≥≤ pr≥gnant 
buffalo≥s an≤ cows on n≥onatal antibo≤y titr≥ 
an≤  h≥matological  proil≥. Ph.  D.  Th≥sis, 
Univ≥rsity of Agricultur≥, Faisalaba≤, Pakistan. 
′İ8p.

•	Chapt≥r: Author(s)  of  th≥  chapt≥r.  Y≥ar.  Titl≥  of 
th≥ chapt≥r, pag≥s of th≥  chapt≥r. In author(s) or 
≥≤itor(s). Titl≥ of th≥ book. Publish≥r nam≥, Plac≥ 
of  publication.

Exampl≥: Citation in t≥xt: Sloss an≤ Dufty (ı98İ)

http://images.webofknowledge.com/WOK45/help/WOS/Z_abrvjt.html
http://images.webofknowledge.com/WOK45/help/WOS/Z_abrvjt.html
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Sloss,  V.  an≤  J.H.  Dufty.  ı98İ.  Disor≤≥rs  ≤uring 
pr≥gnancy,  p.  88-97. In Sloss,  V.  an≤  J.H. 
Dufty  (≥≤s.) Han≤book of Bovin≥ Obst≥trics. 
Williams  an≤ Wilkins, Baltimor≥, U.S.A.

Sabrani,  M.,  K.  Diwyanto  an≤  M.  Winugroho. 
ı994.  A  critical  r≥vi≥w  of  buffalo  r≥s≥arch 
an≤  ≤≥v≥lopm≥nt  activiti≥s  in  In≤on≥sia.  Past 
p≥rformanc≥an≤  futur≥  strat≥gi≥s,  p.  78-89. In 
Proc≥≥≤ings of ıst Asian  Buffalo Association 
Congr≥ss, Thailan≤.
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