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A B S T R A C T  

F,,zty acids were prepa,.'d fr,x',~ t~t'f I~llo~' in "ate laboratory by 
alkalirazmn and ~i,tificazi~m under a ni;rogea at.mo~ph.r162 at 
:r hdt~w 100 r., l 'hc =linor con~titut'nz_~ ill d1r het-f 
zxllo,~, fatty a,,:i,~ wvre ~sc~;,tted by ~r  ~lici~" ~L1id melt'lad IL~ tk.~b- 
edited prt~,:ouMy, l'hey were tract2on=ted by silicx "a..id liquid 
column chromatography ~ld ch0.r~clt.nzrd by chem~ca' func:lt~n~ 
grcl~p artady~,.~, elemcr~ral anzdyz,,e'~ and infrared ~pcctr(',~hott~rtrk" 
mer!irJ~IL~.. The rt '~[l, i  sl~b"~.,r;l l~al rJ'lr mhlor ,.:Orlrlti Iurnl~ irl et~"T',rxtt'~- 
cial f a t ty  z~-'ids ".,.'r p=tKy prcser, x :n the ovg{rl'aJ ~v,' rnatl,L-rlaJ of 
|.~'ef ta~[o',~" and ,a.ere patrriy !r'~n::t.tl a,~ arlifzet~ ,,fJl"ir.g the  manufac 
t-J r?ng procr 

I N T R O D U C T I O N  

We repor ted  in ou r  previo,,~ papers (1-.t) d 'a t  coma~c. 'v is 
o:qir acid r [ l l i no r  cv.,llS~'irugtlK.'.'; w h i c h  ,.2a['l }1,r tSt~l,-- 
lated t)t' a ,;3ic~c acid co lumn method .  The  m m u r  c ,msu-  
tuen~:, have been frac; iunated by gradient  t'lutio:~ l iquid 
co~u r:m chrorna tography and d 'c  f racu,ms cha:acre.,-ized. I~ 
was fecund rt 'ar the miaor  con~tit 'ucnts had art ad~'e.,'sc effcc;  
on the c~]~,r ~tability of  ~dcic acid. When added t~ purified 
oleic acid in trace ainu(tats, dwv could inerea~'  ti~e dar~en 
ing af  the olcic acid du.,-ing heating. "Ihia paper is ar: at- 
tempe :o trace t:'~c onbdn of  such :hinter c o n s t i t u c a ~  ie 
corn martial o]r acid. 

E X P E R I M E N T A L  P R O C E D U R E S  

Material= 

The m ixed  t,r ra'.low ~.;ttt,'[') ~sed w,t.~ a c~m~po.~m, sami f l r  
o f  e q u s  weights of beet  zaLm~ supplied by each of  It,) 
cornpa.'~tes. A:  d~t" ~aznc t ime,  each o f  these I0 c,n,,panies 
a:so S,lb:~'it:ed :,n o'.e:c acid produced frnm the same ha:oh 
o f  beef  ta l lo~.  The m 'xcd  cor:m~c:cial old,." ac 'd (MCOA) 
wa~ o'.')talned b t  mixm~ et/ual weigt:r~ ,ff tt:e 10 C~l~mer- 
clal olmc acJds. "lhc s tudy em the character izaEon of minor  
c,).'~tttucrt~s in M(~OA has ','leon reporte, t  (2). 

Iso la t ion and F r a t t i o n a t i o n  of 
Mino r  Const i tuents  from M B T  

The M B T  was conver ted  into Irree fat() acids by a!kaliza 
don and acidification under  a nim~gen a tmosphere  a~ a 
temperature  b e l o ~  lu l l  (~ (Fig. 1). l h e  crude free fair," 
acids (23.J k K; were d~sso',ved in aa equal  vcJume of hcx- 
ane, and the so/ur iah ~as pa~sed throug.h 5 si~!ctr acid 
c(dumns (4,4 .,: 55 c m )  r,~ ; ':aid the pur iScd fatty acitb, 
which ',,,'ere fur ther  scparat~'d :n~o licuid and sol id fatty 
acids by low te:11pt.rattti'e snlvertt <tTsra~:tz.ati<,n. I 'h r  rn:.'lor 
constitt :cr:m retained on rhe e~lurnn : t ' t rre f:r~,t ~'lt'~ted witch 
ethv', cO~er, The  e:uate  (El w'as separare~ into  an ether-  
soluble fraction (l .S) and a. pre~'lpitatc f racuon  O'.P) t~v 

:Pipet or Iht" JtX~rnad Series. New ler~,:y Atd'icu:cJral F,.ptri- 
menz ~,tar',on. Cook (~'dl~,.~. Ru:.~ers. "[he b.a:e L'n:ver..itv of  New 
Jr New BnJn,~ick, NJ O~9(13. 

Pre~etkr atldre.~s: Aszhi [)r ko~..'t)CO., [.ld.. 7 I, Hifr~l:ioku, 
AtakJ.v.~- ku, l"~k)r), Japan. 

"~Prrscn: address; A:l,Jt"~t~ Clayt,.~t | :~o~, PO Box 6]. R:eh.- 
a:'d~t..q'l, TX 7~(18(1. 

'~Prr,.~-nt addrt~'~" L'~'paT~tlr l t |  nf rft~)d .~:ctt~.r aed Narr;doa, 
r h r  O h i o  .qlare r~' ; lhel~ity. (;o.hLrlzbti'b. tll '~ 4J. 21(1. 

holdinb: the s~tltttion at 0 C for 4.8 hr. -me  czher-so:uble 
fraction was then separated into  ~r162 c u m p o u n d ~ ( I - S A )  
and nonacid~c compound~ (E.qN) (|:Jg. 1). The minor 
con~t.~rucnts retained on the co lumn af :er  the e ther  e]U:lOn 
were fu : thcr  elured with methanol ,  and the methanol  
cluate (.',~,) wa~ s  separa :ed  in to  acidic (.',~,A) and non- 
acidic (MNJ comp~untl~;. The  4 fract ions thus obta ined,  
viz., ESA. ESN, MA a n t  M.',,', v, erc (racer,mated into sah- 
fract:nn~ h;" liquid co lumn chronla~ography as d e ,  abed  
previottsl.v (2,3). 

Ef fect  o f  Fract ions on the Colo r  S tab i l i t y  of POA 

"I'ne m e : h o d  dcscr:bed p.~'viously (3) was u~cd. A ~ub- 
fractJon of m i n o r  cunsr i tucnts  was arbitrarily regarde~ a~ 
ef fcc : ive  ,,,,'her: it caused an incrt-a~, in co:or  :men~itv ,)f 20 
uni ts t t ) l l '~  o f  added subf.~t ' tu ,ns int~, purifird ,):e:c acid 
(POA) (1) when n~easured speetroa~et., 'ically at 440 mB 
ai;:er hezt i ; lg  ,tt 200 C under  air f o r  1 hr. 

Ana ly t i ca l  Methods 

Iodine value and acic value were de termined  a c c o r d i n g  t o  
AOCS Official  .M,e:l-ud.~ l g  la-64 and Tc l a - ~ , l  res ider! re ly  
(4). Sam)rttficarion va~t'e and hvdl't~xvl v:due v,.rre deter- 
nt:ncd according ~, :he methu,~s dcser!bed by Mehlee 
ba the r  (5). Car'.'~,nv: va~ue was analyzed by the mc t t ' od  of 
Bhalepar~ er a l  (b) .  Muh'ca'.ar we igh t  W;L~ de te rm ined  w i th  
a .~,Icchr~)lab w, por  pressulC <]sm,m]ct~rr .%todd 3UIA ([[cw- 
leer Packard, A~,.onttale. PAl.  using me thano l  as the ~;td,,'enL 
Flemcntal  analv~es were done  by gch~vat~'zkopf .Micro 
..\:~alvrlcal l .aboratol 'y,  Wa~uRide. N'V. In:r_,red ([R) ~;t:die~ 
were rn::de with a t~eckmar~ LR-/'~ sOt-etrophot,m~eter. 
Coh)r stabil i :v mcasuternent  ~as dett'l'n~i:ted act't,rding to 
AOCS OfficiaJ .~d, e thud  Td 2 a ~ 4  (4), U.~lng a Bt-ckrnaa 
I)B-C s iwctr , )photrvneter .  

R E S U L T S  A N D  D I S C U S S I O N  

Effect of FraclJon~ of Minor  
Const i tuents  on Color Stab i l i t y  

AI: t!lc f.,.,.cr:oas o f  r l | inor  oo:l.sr.itucnts fr',,.'T: .~.tE'L']" in Fibmre 
1 ~ere  tested for their  e f f e c u v e n ~ s  in Carkening r~f POA 
dr:ring hcaunF: u.'~dcr a,r. The r effccr  of  :he 
subfraczion ,)t" F:SA and [':SN of  minor  cons : i t t t en~  frt#m 
.~,P,I are showa in F:igurcs 2 and 3. The  degree of  darke.'~ing 
,~f POA during heating was pt~lporriona: to the amJ)unt of 
m i n . r  cons t i tuents  added. The  effects of .minor consdru-  
en:~ fron: MBI" were vev~' ~imi!ar t~t t h ~ e  o:" the minor  
c~,n~ti:uenrs isolated from the MCOA (2) with respect 
to causing the darken ing at Pt)A. 

One oh~.rx, at ion is d~at ~hc effect iveness ,)f the fractions 
o f  the thrum" consti:Lzcnts on ~'~v darkening of o',zrlfied 
oleic acid dar ing heatirtg was wall correla ted with their 
polarity and was general~.v propor ,  i~mal to :he amoun t  of 
nydroxy' ,  gruups in tkt ' ir molecules.  Ih i s  !s true for hath 
the acidic arid mmaC!dle fract ions s  t Fig. 2 and J). 
"I'h'.s oh~;en,=don is fu r ther  stJppOrtCd by the size o f : h e  LR 
a!)sorptitm p~.ak of  s h y d r o x y l  grrv jp 3": 2.9 B as shown 
~n F~gure~ 4. aml 5. 

The ek'n'enzal a:r.dysis uf  'r sunfract [om; I-:%N-~ and 
MN-4 c(mtaLqed 2.07 and 2.66% of  n : t r t )gcr ,  respect ively 
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ORIGIN OF MINOR CONSTITUENTS OF OLEIC ACID 

TABLE I 

Characterization of  the Minor Constituents from Mixed Beef  Tallow 

Moleculgr Molecular -COOH/ -COOR/ -OH/ -C.= O / -C= C-/ Number of  oxygen 
Fraction formula weight mol too} tool mol tool a toms unaccounted  for 

ESA-4 -- 520 1.66 0.17- 0.56 0.63 1.07 -- 
ESA-5 - 712 2.07 0.66 3,16 0.70 1.45 - 
ESA-6 - 786 2.02 0.73 3.12 0,94 1.74 -- 
ESA-7 Cs~ Hrs Ot~ 1062 2,32 0.95 2.59 1.80 2.38 5.09 
ESA-8 - 850 2.09 1.09 4,68 0,56 1,55 - 
ESA-9 -- 424 0,99 0.22 3.90 0.08 -- -- 
ESN-4 C~01 l~s O ~ .~N0. s 384 0.O0 0.68 1.27 O. 16 0.78 - 
ESN-5 - 294 0.O0 0.41 1.03 O. 12 0.54 - 
MA-2 C3~ IIssO , 646 1.38 0,33 1.28 0,47 . 0+92 3.83 
MA-3 C~HsaOt~ 634 1.35 O.O0 2.41 O.23 0.25 5.66 
MN-2 -- 318 0.00 0.67 2.07 0.03 0..59 - 
MN-3 -- 360 O.OO 0.35 1.O6 0.07 O.53 -- 
MN-4 C=~ H~+ O4N0. ~.~ 402 0.00 0.62 1. tO O.OO O.5~ -- 
MN-5 - 484 �9 0.O0 0.59 1.92 0.00 0+61 - 

~5 

i E S A - 2  1+i . 75 .% 

~5 

~ 4 fi �9 6 7 ;9 '~ 10 11 I t  13 1+ ~,5 

�9 

~ . Y5 

i+  ~ ++ 

3 1 5 5 ? ~ ~ 10 11 12 13 14 15 

7S 

5O 

~5 

W A V E  L E N G T H  ( # ) 

FIG. 4. Infrared spectra o f  acidic fraction of minor  const i tuents  
isolated from fgtty acids prepared in the  laboratory from beef 
tgUow+ 

(l 'al,~e I). T h e  IP, spe t ' r ra  uf  t l ' csc  c o m p , ~ u n d s  s u g g e s : e d  
the  po.~.~i!~le t~resence of  arn!dr gr,>u[~. D c t a d e d  JR ~pr 
in:e~+teta::t+.q on  a m i d e  and  the  possLhle el.Coots o f a t t u d e  
o~t the  c~]~,r stabi~i.~ o." o]eic acid dur i : tg  !~e~tung ~te 
d i scussed  Irt de:al l  in ,t pre~' :ous p~pe r  (2). 

Chemical Nature of the Minor Constituentt 

The isolated nt in~r co~st,t,,(.nts were highly vjscuus liqukLs 
~it:'t cuk,rs ran~ing t':on' slig!tt .vcl:o~ to d~rk .'rddi~h- 
b r o w n  l h e  ,~n,'dvscs o f  ~ ' h ' c r e d  f , '~c::u:ts  o f  the  r u i n e r  
r  f rom ':)eel ;ali<)w I'atrv acids arc sht}wn in 
Tab le  I. T h e  reht;lts indicate.' Ctat t he  rnJeor  c o e s t i t , l e n . ' s  
weft" n ig idy  ~x,, 'gena.ted c o r n p o u : t d s  c , , n t a t n i n g  hvdt 'oxv~ 
anti earbonl .v  g r o u p s  a n d  !~ad var i tms deg rees  t,. ~:]nsa~'Jra-  
ti,>r:. T!tr n u e l b e r  ,)f o x y g e n  ar(,mq; ir' d lc  t l lo lecu le  :ts 
de t e rn - i r : ed  by ele:t, enr ,d  ana' .vsis c u ' d d  n,',:. !~" e n t i r e l y  
a c c o : , n t c d  for" by at] t t ;c ftJnctio:~aJ g r , , , p s  anaJ ; ' zed .  "rhLs 
n t igh :  i n d i c a t e  t2"~at sort ie  ox~.'gen ar<,ms g e te  p r e s e n t  in 
hnk~ng tt'~." monomcr ic  units, or in some unana~vzcd func- 
d~mal ~roups. 

The  t .hemica l  a , ta lvses  t ,f  C'~e mi:~,)r c(in~;t:tuenr2; o f  f a ' t v  

2 

,0O 

i 
.~ ~ 4 5 6 7 E, t 10 " 11 12 13 14 15 

FIG. 5. Infrared .4peetra of  non,,eiJie f r t c d o n t  in fatty acids pre- 
pared in the I~,hor=r | tom beef t=lJow. 

acids ,)f ':x'cf ta l low p,'epared Ln the labora to ry  (Table I) 
,ndicated ~ha~ rhc~.' a;e the same type of r as 
:ho~c found in .~,~,C().-~. (.'?.). lhs~evr r ,  There ate a number  o f  
signi~-icant diff'crcnces, l h c  m:, iccu:ar weigh:s o f  d:t- m ino r  
ronsti ' .ucnLs iso:a~ed ".'r+1:1~ MBI" ranged f rom 318 to 1062, 
which is cunsidcrab;v iris,her .'ban ~h,Jse of  :he m ino r  
cr ,~f M C O A .  wh:~'h r anged  f r o m  Jl.)8 To 83(.1 (2) .  
N o n e  of  t h e  m i n o r  c t m s t i t : i e n r s  (.excc.ot [-SA 8) :.*~,lated 
f r o m  the  M B I  o m t a i : l c d  m,)rr  t t 'a t :  ~rle e s t e r  grfvJp. "Ihis 
~ a s  d i f f e r e n t  Cr<,m : h e  :nJn,~r r  :s tda. 'ed frl>m t h e  
.MC().~. w h i c h  h . ,d  3 t r a c t i u n s  c t m ~ a i n m g  ~ r o b a b l v  2 e s t e r  
gr,,u})~ (2I .  T h e  r]lin~)r uOllStjtuc,'lt:i ist~l.ated (rum tr~r 
.V.BT c o n t a i n e d  a s,grT;,"i(;arTtJ~," h ighe r  a m o u n :  t~f l',ydrr~xy~ 
g r o u p s  t h a n  th,~se +s,~iated f rom L,qc .M( ( )A .  Some of  t he  
:l:int~." c,m$~:t, ter ' . ts  tscf.ared trot1" the  MB'I  cor : taJr ted a,; 
man'+' a~, 5 h v d r , , x v l  ~41"l,ups per  molecu.le, w h e r e a s  tlto.',r 
f rom the M ( O A  e , m : a i n e d  n,) m o r e  t h a n  3. 
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T A B L E  II 

Compar i to~  o f  che Qulmtil). of ,M inor  C o n l l i | u e n e  (TOm 
Mixed Conimcrr oleh: Acid ~ Mixed Beef "l'aU~,w (%) 

Total. minor Effective minor constl tuen~ 
constituents EA EN MA MN 

Total elect,dye 
minor constituents 

Mixed c orrtmercia.I 
oleic al,id 1.18 0.27 0,12 0.O4 0.02 

Mixed beef 1:Idlow 1.09 O. 10 0.07 0.02 0.02 
0.4-5 
O.21 

Orig~n of the Minor Constituents 
in  C o m m e r c i a l  Oleic Acid 

SI.m:.Qr m i n o r  c o n s t , t u e n : s  wit i~ s!milar chemica l  fur :cdonal  
gm:ip's and s imilar  e f fec ts  on  the co lo r  stabi'.2t~ of  put : f led  
oleic a r i d  duL'-ing hear ing  were t o u n d  in b o t h  co,nn'~erc:.iJ 
~lleic acid (2) and m fart~ acids p roduced  f rom t~eef tal low 
in the  laborarn.,~' (Tab le  I and  Fig, 2-5). S:nce :t,c faery 
acids were  prepared  fnm~ bee f  tat'low in lhc  laborai ,>rv 
u n d e r  at: iner t  a t r rmsphere  a t  t e m p e r a t u r e s  no  higher  than 
1DO C, It iS r e ~ o n a h ' . e  re a.istlme tha t  a po r t : on  o f  the 
m i n o r  cunsr~tuenrs  irt the  eomnic."cial o:eic acal  wx,; or:g 
in~.lly | l r esen t  in the  raw .material, bee t  rallow. 

" r h r  c~'npans<.m of  the  a m o u n t  of  the  re{nor cons | i re:  
en ts  i sn la ted  fr~Jm the MCO..% and the .MaT is s h o ~ n  in 
"l'ablc [[. l ' h e r e  v..a~ a tt,ta', o f  1.18% r e ' n o r  cons t i t u t e : i s  ,17. 
the  MCOA, and  only 1.O9% in 0 ,e  MBT. F ' a r r h e m h > r t ' , i h e  
to ta i  a m u u n r  <if the  m i n o r  cun.~t i tuents  ~.ttich r e l l co t  
tt:e d a r k e n i n g  of  ,s acid du r ing  he, t in~,  wa~ 0 .45% m 
t h e  M(;()A and  only  0.2 1% in the  MBT. This  i nd ica t ed  :ha t  
d ie  r:li,~or con~r i lucn : s  in the  MCOA v.cie nn t  en t i re ly  
p.n_'~en: 'r' t he  raw mater ia l ,  the M w r .  The.,,. might  be p a r d y  
p r o d u c e d  due. n g the  man u fact,, r ing pr{,ces~. 

.4, C K N (J u l.t~ I ) ( ." ,%11-, N" rS 

Th i l  i ;u , l y  ~iif, $~:pportr t,y a fe~ei..vh fc;'ox++~+.hip horn the I ra: iv 
Acid Prt)duccr'l' COIJ~l-'; ~.nd a re le i r t 'h  grant fT(l:il TJ~,r [:il$:r 
Hr Rr t :enier,  a Dwls:on of" rJ:c t'i~ir.ed Stat~ Dcpar,- 
; i l f n [  Of A~'T:CUI:urr T11:t +,had',' ~ l . t  per.tolled al ~arl el e NJAF:S 
Pro,eel rln. 10503. I.upp,wtt'd by .'he Nr .~r.~.ev Agrk'ul:ur~d 
Expr,~.ml,rlt S~.l:]{~n. We ackaov.lr t:'lr t l 'prorl  ll%l erlc,,ur.i;e. 
mcn'~ of A.It. l)or~r. 
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Qualitative and Quantitative Comparison of Minor 

in Different Commercial Oleic Acids 1 

Constituents 

S H E R M A N  S. L IN  ~', Y U K I N O B U  M U R A S E  ~, D A V I D  B.$. MIN'- ,  O L I V E R  A.L.  HSIEH 
and STEPHEN S. CHANG,  Department of Food Science, Cook College, Rutgers, 
The State University of New Jersey, New Brunswick, NJ 08903 

A B S T R A C T  

1"he minn i  conslir.. ' r  I'rom i high (llJiil:l)" eorll,--~,eft-ial o l e l r / H d  
(.r ".~'r i'~);itr162 l~d  f r lc t iona. 'ed b~*' ; iqui~ ,~ol'Jnll"i chrci:*,lltOl~ 
rlip,hy. They wt-rr chr162 cb.aracterized llnd [helr efh.'c,,~ on ,he 
color  s ia l i i l i l y  , f  oleir iicld dur inl t  hearing were determined.  "l~.e 
r~ti:i:~ ,were compared q u l [ i l i i i v e l y  =.rid qu lnd~ l l d~dy  wi,h tho~" 
f rom .1 i11L~;illlc el r com:',,r e l l ' i |  ac id l  ( ,MCt)A) :,.,iml;flicrur~d 
hy lO cornp~l'iie~,. It wr foLnd l h l l ,  7ua l i l i l i ve ;y ,  SCOA and ,%IC(/A 
eon i i i neJ  The ~lmr type o. r minor  c~milbrucni_~, t lowever,  quanl i ' . i -  
t ivr rhe .M(,OA contained 1.18% <~' mr, nor i;llTif,~;Iticnl~, wherri,~ 

I P.ap=.'r o f  Lhr Jo~rn~  Scril,~. New .rcr~ey Agr icul tural  Expcr l-  
rw.'nt Siar C(x)k Co2egc. Rurgcr~. "[he State t'ni~a-t.~ity o f  New 
Jcr~y ,  New Bruniwi l ,k .  N.I 08903.  

Pre~eni a,t,Jre~: Ander,~m Clay :on  Ylx~t'L PO I lnx 6.1 Rick',r~ 
r~m. FX 7 Sll,~J. 

i P.~e.f,.~fll addre~.,~. A_~,ahi I)r Kog3'o Co., Ltd., 7-3, I I]g'+!lio~.'J, 
Afakawi-kLI ,  Tokyo ,  JapJn. 

4pTI2%l.rll ;ddre.~: llr 0[" FooJ ~ti,L'rl,,.'r And N'ulri l:O~, 
Ohio .~,=(+ Univcr+hy, Colamim<. ( ) i f  +3210. 

the .qt;OA enrt,mine,! on ly  O.g [ % ~)[ minor constituent,.. The a:nmJ ar 
t it t'ffCCllvr ~,hlOr r which h id  ae ldver .~  elfr162 o,'1 ihe 
r ~,i'r,ilii~. o f  o',l,ic acid durin.r he " t i n l  wa.i O.O9%..++it ,~'.COA i~; 
i'~.-~ ~':%, .+'or ,M(](J#.. 

I N T R O D U C T I O N  

~,%r r(:[~orh.'d ;n ~nlr prev:,~tJ~, |~,J.pc,,"~ ( ] . 3 )  lt~a: r;~,m~llerU:J] 
tl'.elL r C,-;tli':i:r'i'~ Tl': l r: .[ ", : { on~,~[u.c':"liS ~!1:r ,.'Dr1 }1c i~.o!.l[t'd 
bv :l s i l ic ic  a r i d  c,~l:J:l~n mt -zhod.  [ t i c  l":1:n~,r ~(,r~,4htJcn('. 
ha+r bcen f, act i ,m'~tcd by grad ien t  elut:<m l i qu :d  r ,d , lm:;  
C]'lDHrl;llt~,~raph+, and t~'lC f r a c t i o n s  char , l c tc r l z t ' d .  I, + was 
f~nJr:d That ' ike mir;,~r c o n s t i t u c n P ;  had arl ,ld~.eTf, t. l.'.~.'k't ()rt 
:her c o l u r  s : . lb : : i t v  ,+t o le ic  ac id  W h r n  ~=c;dcd :,, p ; , r : i i r d  
<Q~:r -'=c:d in lr, lcC .iTl~U~uFitx> th t ' v  ctJt l l t l  iiGt'rel,~e tilt" t | : i rkt-R- 
7nl~ e l  i f ' i t  o ]c i r  ,acid dt i r i r l  7 h c l i l n ~ .  

" ih[~ p i p e r  ~ 'p, ) : l% :hc  t l t ; ; l l ih l l lVt"  and t ] lL l l r i l l t l l~%(* 7=-1171 - 
r+tTl+O1? bel l lee1? '~t" I1]l[]O." C~H'SIitt lC~t$ i~ t i la l i 'd  / r ,mt  a 
s ing le COIT]ITi('I(IIJI oi r162 ?.r Of" t}le '.~.~}i1"~.: q l l . l i l l% l i nd  
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