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ABSTRACT

. The livers frbmgeight steers fed diets cbﬁﬁéining fou?id;ffef-:
ent tallow levelé were perfused and the seruﬁffétty'acids-éxfr@ctedg.j
fractionated, -and analyzéde The extraction wés done by the chldfoform— .
methanol procedure., The whole serum fatty acids were.fractioped intp
phospholipids, free fatty acids, triglycerides; and cholésferol'esters
by thin=layer chromatography and analyzed by gaé~liquid chromafégfaphyo
Time of perfusion affected an increase of C16:i inrﬁhe.ﬁhole:serum>
lipid (P<,01), Diet was feSponsible for the reduction in pércéﬁt of
Cl6:1 and Cl832 in the pﬁospholipid frécfion\(P«<505); A.highly sig-
nificaﬁﬁ time efféct'was observed for the pefcéntfchange QfVCiBIaﬁd 
'C18:1 in the free fatty acid fraction, After_BO min‘bf‘pérfﬁgiqﬁ ClS.iv'
lexhibited an average 6.2 percent iﬁcreasetwhile.Clé:l.exhibitéd ani
average 6,2 percent decrease, This relationship suggested the aéfivity
of a saturase.enzyme system, Changes in percent OQer time of perfusion'
of oﬁher fatty acids within the.fractions were observed, Significant
diet by time interactions were revealed for specific fatty acids in‘all
fractions, Correlatipns of fhe change in percént wefe also observed‘

among the major fatty acids of each fraction,



CHAPTER I
INTRODUCTION

Intramuscular.lipid quantify of beef has been an important
criterion for many years in determining érades for standardizétion be=
 tween prdducers and coﬁsumerso Inhérent:in beef grédes are féctors
which relate directly and indirectly tb desirability and palatabilitjo
At the present time, however, much less is understood about. the quality
of these lipids as they affect the”palatability ofrthié product,

It has been impiicated that cértain fattyracid ratioé and com-
binations can have either an advantageous or deléterious effect upon
éhe eating qﬁality of beef; Therefore, factors which influence.and
cause beef animals to deposit certain fatty acids preferentially in -
idifferentAcombinations;and ratios appear té be of $ignificant impor~
tance to warrant investigation, |

'Classically; the liver has been regarded as an important organ
in iipid metaboliémo' Currently, the majox eméhasis seems to be on adi-
pose tissue in regard to the greatest percent bf changés occurring in
lipids, Regardless of the tiésue studied, isolation of ;hat tissué iﬁ
"vitro has been an‘effective metﬁod of étudying~Changés which arergnf |
counteréd° |

Environment and heredity both affect liéid ;omposition in ani-
. mal tissues, Héredity most likely will maﬁifest its effect by differ-
.'éncés in hormonal 1évels and balances and by the presence or absence

1



 2
of specific enzymes;. Nutrition is the'mogt important environmental ef-
‘fect which has been étudied’in this area.. .

This experiment WaS»designed arnd éénducfeditO'study‘thé effects
of different levels of tallow in the rations.of béef'éteerskon the
functibﬁs of'Fheir livers, ' More spegifiéally;‘this experimeptlwas déf
signed to examine the effects of diet upon liver enzyme functions régu-

lating qualitative changes incurred in lipid fractionms,



CHAPTER II.

- LITERATURE REVIEW .

Influence. of Fat Upon Pélatability of.Méat

The development of more sophisticated‘analysés‘hés imﬁenéely
iﬁproved reéearch methods_for.stﬁdyiﬁg palatability factors of meat
since MacKintosh and Hall (1936) stated that thg:degfeé of finish of
beéf appeared to be associated wifh palatability.. They reportéd ‘an in—
creasing degfee of finish rendered more intense'ﬁhe_properties.of ten-
derness, |

Hornstein and Crowe (1960) reported flavor differepces tﬁat
exist in pofk and beef méy'have their origins in tﬁé fat portions éf'
these meats. They stated that fat ﬁay not onl& produce diffefént fla=
vor compounds in different fatioé,.ﬁut it may also éct as a storage
depot for lipid~soluble foreign.coméouﬁds thatg on'heatiné, also cén—:
tribute to flévora | |

Hornstein, Cfowe, andeeimberg (1961) concludedrthat phospho=
lipids did not contribute to desirable meat flavor, and iﬁ excessivel&_
~_iéan meat they could contribute to poor flavdr° Triglycerides;_on;the
other hand, seemed to enhance the flavor of meat, ' |

Initial increases in free fatty acids iﬁ the backfat 6f hqgs
were related'to;avrise»in desirability‘of flavor of the cookéd meaf
éccdrding to Hall, Harrison, and MécKiﬁtosh (19622; However, the

3.



vrelétionship of free'fatty acids to flavor wés‘ﬁot'dependent uéon
éuantity alone, |

- Using brofhs and depot.fats, Hofstrana-aneraéobson (1960) re-
ported that fat did not significantly affgct_the‘taste of mutton §f |
lamb broths, There was an indication that fat may héve coﬁtribuﬁed
to the aroma of the lamb and mutton broths. -Wasserman and Talley
(1968) reported that beef fat had littie of o éfféct on the develbpf
ment-éf a characteristic beef aromé; However;-pérk and lamb fats,ap-
‘peared to contain soﬁe factor(s).that developea a'specific‘aroma;

| Waldman et al. (1965) reported flavor was mnot significéntly

associated with any of the individual fatty acids or ratios of fatty

acids. Taste panel juiciness of the Longiséimus dorsi was negatively

correlated with myristic acid (P <,05) and palmiﬁic acid (P <,05) of
the same muscle, The association of juicineSs'with the ratio of un--
.saturated to saturated acids was positive (P<,01l). Low, nonsignifi-

cant correlations were found among individual fatty acids from the

neutral and phospholipid fractions of the bovine Longissimus dorsi
muscle with tenderness and juiciness scores by Terrell et al, (1968),

Dryden and Marchello (1970) reported that palmitoleic acid

was highly correlated with juiciness (r = 0.78) of the Txiceps brachii,

Linoleic acid of the Longissimus dorsi was negatively correlated with
" juiciness (r = =,74)- and the flavor of the same muscle was enhanced

(r = 0,66) by oleic acid,



Influence of Dietary Fat on Fat Deposition

The effect of dietary fat on fat deposition in rﬁminant'aﬁimalé
has been investigated because of the quéétiopable‘écfioﬁ of,the7fumen
and rumen microflora upon ingested fats. It was;¥éportea by Smédiey;'v
MacLean (1943) that beef suet, mutton faﬁ, and lafd.éach had a'définifé;:
character of dits own, but that this.charaéter_coﬁld be ﬁodified ifiex= »
ceptional quantities of any parficular fatty écid were iﬁcluded inrthe-
diet of a beef, lamb, sheep, or pig., He stated that, in each case, a.
large amount-of linseed o0il in the diét would softéntfat becauSeig : 
greater propoftion of the liquid.unsaturafed fatty acids charaétérisfic:
of linseed would be stéred. | |

Contrary to this 'concept, Shorland tl950) repoytéd thaﬁ.beef éndb
mutton tallow were not appreciably mbdified_byithe~ﬁatur§ of the dietary.
fat, However, even a poor source bf fat suchfgs barley was shbwn*tb- |
affect the quality of pig fat by supplying uhsafurated fétty aéid;, pri— 
'marily linoieic acid,‘%hich was almost quaﬁtiﬁatively deposifed in ﬁhe
. adipose tissue (Dahl 1958). It was reported by Dahl (1960) thét‘iiﬁé
'oleié acid percentages of backfats and.leaf fats ffom:pigs fed‘diéts
varying in fat levels were significantly (P < .05) different f£bm ?éCh,
other°~ | _ |

Brooksi(l967) fed high levels of soybean oii in diets toipigs
and reported that limoleic acid was almost thrée‘£imés.the 1evel:aﬁd7 
‘significantiy higher (P <°O5)ﬂin these pigsfphaﬁ:in.thqsé fgd:éﬁ othér:
digts in ﬁhe ekperiment& .Linqleic écid was.highlyineg%tiQelYTéo;;é". |

lated (r = -.64, =.81, =.83, -,84) with palmitic acid under each .



'tréatmentAiﬁvestigatedoszOéh et al;'(l968).fed:pigs high Léﬁels-of
.‘safflower oil and tallow, Ba@kfa£'and leaf.fa£ ffom<the pigs'fed saf=-.
flower oil were lesswsatqrated thap those fatéufrom_control animals,
kThése fats contained significantly (Pw<305)'more linoleic acid and sig-
nificantly'less oleic acid than.thosevfats‘ffomvcontrdl aﬂimalé; _Tﬂese

researchers also reported that the fatty acid composition of the intra-

v‘muscular fat from the Loﬁgissimus dorsi was affected ﬁuch less by diet
than was leaf fgt or Béckfato |

‘Hilditch aﬁd Pedelty-(l941).reportea that,ewes.fea on a "supef-
maiﬁtenance ration" contained higher levels of oleic acid and lower |
levels of stearic acia in their kidney fat than those fea on‘é:"sub—:
maiﬁtenénce.ration,” Palmitic écid Was_preferentially deéositéd in ex=
ternal fat as.opposéd to kidney fat, ‘Ogilvie, McClymont,. and Sﬁoriand
"(1961) reported that a fat emulsion of linseed oil and bile placéd di-
rectly into the smail intestine résulted in greatly increased levels of
Vlinoleic and linolenic acids in the kidney fat of sheep. ;They.atfrib—
uted this to the'fécﬁ that hydrogenétion of thezunsaturatedrdietary’
acids in the rumen was not.allowedg’thus éuppofting the earliér investi-
gations of Shorland (1950), |

Tallbw frqm_sheep fed purified diets was reported to céntain
less stearic acid and'more oleic acid than tallow froﬁ either sheep fed
" hay-grain diets or grazing animals (Tove and Matrone 1962). In some |
’instances,‘the.alteréd fatty acid-compositién Was.sufficieﬁtitgiresult
in_tallow'that Waé-liquid at roomntempefaturéa They‘attfibuted this

effect to a lesser degree of hydrogenation of the unséturated fatty

/



acids by the rumen microfldré_éf the sheep fed the.pﬁrified'diefsn
This work supported the résu1ts of Hilditch'ana Pedelﬁy (i941)~and__‘r
Smedley-MacLean (1§43),*ﬁut'opppsed the views of‘Shoriaﬁd (léSO)-éndi'A_
of Ogilvie et al, (1961), In further support of theirﬂviéws, Tofe éna,‘
Matrone (1962) feborted that a high contentlﬁf tfans-acids in fhe di; o
etary fat resulted in high levels of.trans=acid§ in'thé,éheep:tallowy'_
irrespective .of the remainder of the-diet; indicating'thé'fe§istéﬁce |
of these acids to ﬁydrogenation by the rumen microflora, -
- Willey et al, (1952);reported that feeding“high léveis.of fat
to steers had a markedly beneficial effect upon the effiéienéy of feed
utilization and also significantly (P <.05) increasedrthé leve1 of fét
in the blood, They reported that oleic acid percént decreasédiin ani=-
mals fed high energy and high fat diets, but that linoleiéAand‘lino--
lenié'acid percentages exhibited'little or noAcHangé;"High'fai diets
_also decreased intrémuscﬁlar»fat depositién but-the;fat:ﬁresént was
- less saturated than intramuscular fat ffom-oiher treatméhts, *Edwards;
ﬂ'Tove, and Barrick (1958) statéd-that when steers were fed.animal faté
 rich in oleic and linoleic acids in thé diet, only steafic acid was ‘
found to increase in body fat, | |
Bowland and Hiroﬁaka (1957) stated thaﬁ they‘fbuﬁd‘sigpificént_
kor'highly significant correlatibns ofﬁplasma liéids‘witblshouidéf faé,‘

" back and loin'fat, combined shoulder,-back?and loin fat9‘and.éféa of -

loin muscle of pigs; while plasma lipid correlations with average daily S

gains approached significance at the 5 percent level, _Brungardt, Bray;

and Hoekstra (1963), in studying the effect of plasma lipids in



, .
Afattening ;attle, reported that differences fof-tdtal plasma faf{'lipid
phosphorus, and fotal, free and_esterifiéd cholestérol were found'bé—
tweéﬁ animals fed simila#ly_and of comparable age ana,weighﬁo rEétweeﬁ»
the ages of 9 and 16 monthsrtotal plasma'lipids'increaséd_42°97@éréent,.
Aaﬁd 76.2 percent of this increase had takenrblace by 13 mdntﬁs of ége°
In further étudies, Brungardt and Bray (1966) reported that
high levels of cholesterél were found in steers pﬁssessing arhigh per-
cent of carcass fat, Marbling scqré and lipid phosphofus,,ﬁeaéﬁfed as
a percent change.from 9 to 16 months, were highly associated (r = 0.52),
Data implied that the concentration of plasma lipid was positivelyrré—
~lated to amount of adipose tissue in the céréassés,_ This finding

- agreed with that of Bowland and Hironaka (1957).,

Liver Enzymes AffectingbLipid Metabolism

Baldwin et‘ale‘(l§66) found that wﬁen young caives Wefe fed
fat-containing diets glucose—émphosphate dehydrogenase activity and
citrate cleavage enzyme activity appeared té be‘loweréd and the.activ=
ity dfé(-glycerol-phosbhate dehydrOgenase.appeared to be raise&lWith‘

:féspéét to teﬁ otherkeﬁzymés whose activitieS’éXhibiéed no effeéﬁi&e!
change in the liver, |

O'hea and Leveille.(l969), in a series of expefiments Withrpigs,.
reported thét the incorporation of acetate;l-léc into fatty aci&é~gﬁd
honéaponifiable 1ipids{by liver slices was manyfold greater than that
of‘gl_u"cose-=6--'l409 the incorporation of whiqh-Was iﬁsignifiqaﬂtaf:ﬁé¥;

sults -also revealed that the abiiity of adiﬁosé tissue to convert -



‘acetate—1~l4c to fatty:aeids'was'ten_times that ef liver slices-When:

expressed on an equal Weight basis, In anotherrexperiment, a'range;of'-
140 labeled substrates was emp Loyed- and thelr metabollsm by the plg
“liver and adipose tissue slices. evaluated - All substrates were readlly'--'
1ncorporated,1nto adrpose tlssue;fatty ac1ds; whereas 1ncorpdrat10nj_f
" into liver fatty acids was very low, espeeially in the case of-glueese~

6—14C and propionate-2=l4c° - Enzyme data revealed that the activities

of glucose=-6-phosphate dehydrogenase;-6~phoSphegluconate dehydrbgenase,f o

and NADP-malate dehydrogenase of backfat, abdominal fat, and kldney fat
were not- statlstlcally different, but that the act1v1ty of these enuij |
zymes in the liver was extremely low, Citrate:cleayage enzyme activityil
of the backfat was also significantly higher-than the aetivityqu‘this'
enzyme in the liver. In vivo studies of tuo.experiments'suggeStedhthat
when:aeetateel-lac was used as substrate-the_adipqse tissueiaeeeunted
for'70 to 75 percent and the liver for 25 to 30 percent.ofvthevneuly
synthesized fatty acids. . |
Uchiyama, Nahagawa, and Okui (1967) reported that'the‘rate of

monoenocic acid synthe51s by desaturatlon was markedly depressed in-
‘starvation but elevated after refeeding rats, . Addltlon of free fatty
acids to incubated supernatant solutions of liver enzymes.caused a
‘ marked depression of desaturatlon act1v1ty9 the 1nfluence of 001§=
unsaturated ac1ds being greater than that of mono- unsaturated a01ds°

: Nakagawa and Uchlyama (1969a) found that the 1ncorporat10n of

olelc acid into esterified’ llpldS by the postmltochondrlal supernatant

of liver cells was two tlmes faster than that of palmltolelc ac1do.4



_lo
However, in vitro desaturatién of palmitic acid by,thé postﬁitochoﬁdriai'
supernatant.of rét liver proheéded three times faster than that of
stearic acid, They attributed this discrepancy between in vitro stud=-
ies and in vivo ratios to the difference of rates of incoxporation of
the two unsaturated acids into esterified 1i§ids;"f

In further studies, Nakagawa and Uchiyama‘(l969b)_repbrted that
of the saturated acids studied only‘A?—monoenes of the same cﬁainvlength
Weré formed when desatﬁrated by liver enzymes. 'Myristoléiq and palmit-

oleic acids were both formed at much faster rates than was oleic acid,

However, in rats, oleic acid was incorporated into esterified lipids at -

é more tapid rate.ihan pélmitoleic acid, as observed eariier by Nakaggﬁa :

and Uchiyama (1969%a), and.myristoleic acid was not found in rat tissues.
' Using hen liver enzyme preparations, AlleﬁAet alcl(l96f> re-

ported that deéaturatioﬁ of stearic acid could be inhibited by the ad-

dition of pure methyl sterculate tolthé prepafationsoA“There ﬁas an

. inverse relationship betweeh.dietaryblévei of mefhyl sterculate‘énd the

desaturase activity»éf the liver enzymé sjstemAin convertingAsfearic to

oleic acid,

Liver Perfusion Studies
The iiver is considered to be the major source of plasma lipo~
" proteins cohtaining'triglycerides, chglesterol, aﬁd phospholipids de-
rived endogenously (Lauréll 1959 Hillyard; Corheiius, and‘Chaikoff«l959;
Havel and Goidfﬁn 19613 Borgster'énd Olivecténa i96i§_Heimb¢£g_et al,.
19623 Morris 19633 and Windmuellér and_Spaeth 1967). Triglyceride is

‘secreted by the liver mainly as pre=B-lipoproteins (Masoro 1968),



'Hillyard et al, (1959) stated that free fatty acid uptake by
the liver was not markedly affected by nutrltlonal state,‘varlatlons in
concentratlon of free fatty acids within phy51ologrcal range, or - b&
variations in availability of glucoseo Mayes‘(l969) stated that ther':.
free fatty acids were taken u§ readily'by thealiver,frem‘the bleoe;eﬁut'-"
- that nutritional state did'infiueeee the fate ofbthe free‘fatty aeida :
in the liver, Working with rats, he found that-lifers-frog fed rats
esterified more and oxidized'less of the:influgref_free>fatty acids -
 than did 1ivers from starve-d’ratao _‘
Hillyard et al, (1959); using rat iivers:aﬁd palmitateelelfcjj,
bound to albumiﬁ, found that;34 to 43 percent of:the 14C“activity'inrr
the incoming perfusate was removed in a 51ngle passage through the:’
liver, Of the 14C activity that dlsappeared from the perfusate9 58
' percent was rééovered as phospholipid or triglyceride in the 1iver;"
.ﬁeimberg et al, (1962), again- u31ng rat llvers9 reported that there
was a net release of trlglycerldes from the’ 11ver of red anlmals and
their data suggested that both uptake and release of trlglycerides by
the liver occurred simultaneously, Windmueller andepaeth (i967)9
Working with pertused rat livers, noted that-a ﬁarked~acce1erationiin
jthe rate of lipid_release was censiatently'observed after four hours
of perfusion, suggesting that the liver may have affected changes iﬁ
the perfusate composition which permitted greater’releaseg

Steiﬁ»and Shapiro,(lQSQ)g using rat li&ers»perfused ig.gitg,
tfouad that 1-14C 1inaleic.aeid had a lower intoréOration into therliver

.lipids than did 1-t4¢ palmiticiacid, but for both acids maximum
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_incoipdration Wés obtained béfore'S‘min_éf perfusion-had-éiapsédg 
‘Simpson-Morgan and Morris (1962) reported mno siénificanf differeﬁgé in
ﬁhe rate of ﬁptake or oxidation éf palmitié, oleic, or linoleié acids
incorporated into chylomicrons, but found significantly more,liﬂoleic
“acid than oleiciorvpglmi£ic acid was incorpérétéd in the phospholipids°

In an experiment using functionally'hepatectomized rats, Eorg—
strom and Oliveérbna7(1951)'réported findiﬁg'mofe7l4c actiﬁitf of tﬁe
blood in triglycerides and a lesser éxteﬁt in the phospholipids;  inra>
similar expérimentvutilizing rat livers and palmific-l+l4c, Morris
(1963) reported that at the end of 4 hr of perfusién more than 90 per-
cent of the 14C activity in the liver was recovérea-as esferified fattyr‘
acids and more activity was present in phosphdlipids than in triglycer=
ides° In theory, this finding seemed to support the éarlier work of |
Borgstrom and Olivecrona (1961),

Kern, Eiéemén, and Normell (1965), using é;cdttoﬁseed 0il emul~
:sion and pig livers, found.thét froﬁ initial perfusion time triglycer=-
ide level‘increésed ébruptly and then decreased, The free fatty acids
also increased but returned to control levels ﬁithinr30 to 90 mins
- Total cholestefol and phosphdlipid levels did not change appreciably°

Brauer, Pessotti, and Pizzolato (1951) demonstrated that thé
“isolated rat liverlcould form bilé, and that bile flow could be‘ﬁain—
tained for extended periods of timek Conditions which were found dom—»
pafible with bile formation also could be shown to’;esult‘in»preseiva—
tion of the‘maérbscopic aﬁd'microScopic anatomylofithe_liverifissﬁé, iﬁ

maintenance of functional Kupffer cells and of‘continuéd detoxication
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'factifityo Mavrtini-s_e\t._a.lo (l958),“using:céiveé-éhd'their.liférsgrie?;
o pérted the rate of bile prbauction-in thefiﬁtact.aﬁimalsfraﬁgédrfr§@715~
to 38 ml/hr., Values in the isolated li#érs varied from 1,3 to 9,6 -
ml/hr and‘thé fléw ratés often fluctuated during the course of each in-
dividual experiment, Total biood flow rate was'abéuﬁ 0.60 ml/min/g[ofi
liver tissue° Morris (1960) indiéated_thaﬁ'bilé_secretion regched a>
‘maximum when all of the hepatic sinﬁses Were'péffﬁsed, provided tﬁe;.
oxygen supply to the liver cells {vas.adequéte°

Connoily, Head, and Williams (1964);2ﬁorking with goat 1iveré,"
reported the imporfance to ruminant species éforee fatty acid catabolfv
ism by fhe liver, - This catabolism by the'ru@inant liver gives rise to
'acetéte and these researéhers felt that this:acetate.cbuld account fqr
the major share of endogenous acetate turnover, even though in this‘éx-'
periment the free faﬁty acid catabolism confributed a variable pf&por—
~rtiion of the acetate produced by the liver, The blood glucose Ievels
were reported to have increased twofold-during the.perfusionrpgriod of
" ~1:hr, This rise in blood glucose was paralleled by a decrease in thé
percentage of.liver glycogen, |

Whiting et al, (1968) designed and used a perfusion appafétus
Vsimilar to that of Holter, McCarthy, and Kesler (1963).  It was_démonn
stfated that the.isolated perfused bovine liver was capable of dehalo-
genating DDT to its less. toxic aﬁalog,_DDD, foi:up to é hr, fhus
‘ suppérting earlier_stﬁdies by Brauer et al, (1951)° ,The'performan;e
of the perfusion appératus was jﬁdged to be good, and after 2 hr the

_livers remained natural in appearance,



. CHAPTER IIT -
MATERTALS AND METHODS

) 'Gengral
For this studyjeighf half;éib Hereford stéers of comparable
ages were used as _experimen’.call_rﬁate_rialo .Throughéut their growing
period all animéls were subjeétéd to similar environment with ;espeét
-to nutrition and general management., After weaning; the animals were
-grbup fed'alfalfa for 3 monthsﬁén_a maiﬁteﬁanqe_basié defermined by the
California NetrEﬁergy System, 'They"Were then §lacéd-in separate pens
at the'Univeréity'of Arizona Cémpbell Avenue Farm and étarted on test.
The experimental rationé-for thié study were as followss éonn
" trol (no tallow added),lS percentktallow added, 10 percent tallow
'added, and 15 percent.tallow added, These fat levels in thé rétions
were maintained.throﬁghout the féﬁtening'periodgrﬁut fhe ievél.of'QOn—
ceﬁtrate wés increased at 56-day intervals, Expefimental rations con=
taining 60 peréeﬂt,concentrate.were fed from February 28 to.A.pfilr’Zé9
1969o Composifion and analysis of these rations are-described in Table
| 1, On April 25, 1969, the rations wefe increased-to-75_pércent concen=
‘trate and on‘June 20, 1969, the rations were increased to 90 percent
concentrate, Concentrate levels wefe adjusted by ﬂécreasing'ﬁhe;pe;~
centages of alfalfa and cottonsegd huils and ingregsing the perceﬁtage
of steém~processed milo, Tﬁe eight steéys wéféidiQided'into fouf._
. groups, two steers of-each group réceiving théaéame“ration,.
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Table 1, Composition .and analysis.of the star

trate .ration,

ting 60 percent coneenQE

Ttem

Perc en t

tal 1low

0 5 10 5
| | % %- % 7
Ground alfalfa hay 20,00 20,00 20,00 20.00
Cottonseed hulls 20,00 20,00 20,00 20,00
‘Steamférocessed.ﬁilo 48,80 'j& ’42065," 36,20 -1 2§;%¢.
Cottonseed ?eilets 4,50 1 5,50 .”7p00- 8;50'
Molasses 5,00 5,00 5.00 5.00
Tallow? - 5,00  ', , 10,00 515§00 ;
 Dica1cium phosphate 0.60 - -0.65'  o;eo | ';5 o,éo.-
Urea 0,60 0.70 | 0.70 - :b°7d
Salt 0,50 0,50 0,50 0,50
| 100,00 100,00 100,00 100,00 -
Vitamin A-10-P IOAg 10 g 10 g"". 10 g
Protein, % 12,40 12,50 12,50 ';15;50
célcium, % 10,52 0.54 0.52 0,53
Phosphorus, ‘% 0,34 0,35 0,34 L 0.34
Acid detergent fiber, % 20,20 20.20 20,30 20,40
‘Total'digestibie nutr.,; % 61,60 - 68,00 ; 74060  | 75;40-_”
NE_, megcal./100 1b. 67.70 72.60 78.10 83,60
 jNEP,_megcala/lOO 1b, 39,20 42,00 45,20

48,40

®Animal fat as defined by

Feed Bag Redbook,'1968;.antidxidant addéd;» '
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Animals were not taken off feed‘prior to slaughter, and all
animals were killed'at‘approkimately 11:00 am'between August 15 ‘and

© September 2; 1969, at the University of Arizona Meats Laboratory.

‘Perfusion Apparatus

'Tﬁe.perfusion apparatus used in this'experimeﬁt Wés essentially
o tﬁe éaﬁe as that of Whiting (1968), with slight modificatiénsg' It con-
sisted of afrectangular glass tank, 60 cm x 46 cm x 25 cﬁ; surrounded’
by a stainless steel tank, 73 cm x 57 cm x 32 cmg The‘éutervstainless
steel shell was filled with water which WaS'héld at 37,5 C during pe;Q
.fuéion°~ The_gléss tank acﬁed éé'thé i&,XiEEE body and also as,the b1ood.
reservolir dﬁring perfusigpo Blood flowed from the reservoir.to the bot=-
tém of a glass "lung" where it”encoﬁntered a steady flow of 95 percent
oxygen and 5 percent carbon.dipxide gas from a pressurized tank, fThe
blood and gas then flowed up through a seriés éf glass marbles which
‘greatly increased the surface area for oxygenation of thg blood, - Blood
flow from thg reservoir to the top of the "lung" was aécomplished by

the force of gravity on the reservoir‘head° The gas flow was adjusted
to approximately 24 ml/min ard the gas was bubbled through physiologi-
calysaline prior to entry into the glass "lung" to prevent»dehydration
of the blood,

Oxygenated blood was pUmpea awéy from the "lung" by a variable
outpuf,electric RolléFlek.“hegrt” pump5(Cole~Pérmer? Chicago, Illinois)°
The’bléod waé'then pﬁmped up into a serieé of coils subme?ged in the
waterbath to regulate its temperature., ‘The blood then eritered the

liver, which had been.placed on a glass'table inside the in yvitro body,

!



"
via the.cannulated portalhvéin and was subsedﬁently draiﬁed back into ;
the reservoir beloﬁlthefliver ;ia the cannuiaﬁed,poéteéipf-ébdoﬁinal"
vena cava,

Antifoaming agenfs wére not used in this‘experiﬁeﬁt sb that ié
- was necessary to apply a slight'Vécuqm to the top'pf.ﬁhe5"luné">to aid
in foam removal, This foam was trapped in an invefted-giass bqttle -
above the reseryoir and any blood obtained was reﬁﬁrned £o fhe:feservoif o
every 4 min during the_perfusion; Glass tubing Was-used;és Qenous and—e
arterial passages excépt‘for 110 cm of plastic tubiﬁg thaﬁ sefved.aé
~the coil in the waterbath'énd 70 cm which connectea the £op'6f the
- "lung" with the vacuum bottie°
| In Figu;e 1 can be seen the "lung" or 6xygénation tower éhoﬁ—
ing the foam accumulation ét‘the top of the_ﬁowerov Thié;foam.Was drawni
_bfffby‘vacuum to.a foam frapg as pictured in:Eiguré Z;IIDuring peffum-v,
sion; any blood collected from theroém,in the'trabﬂwasfreCYCled every  :”
4 min. The blood vblumevfor each perfusion-was 6 1itéfs and ihé amount
of blood recycled during any 4-min period was usﬁally less than 0,5
pérceﬁt of . the total-bléod~volume~and'was‘not believédlto ha?é¢affeCtéd

the results to any great degree, ' A .

Sémple Collection

Stﬁnning
Stunning of the steers used in this experiment was achievedibyll
- shooting the animals in the mid-brain with a ,22 caliber pistol uSiﬁg

022 1ong-calibér ammunition, -This method was employed -to insure proper



' Figure 1. The oxygenation tower, .

- Foam can be observed accumulating at the top of the "lung"
or oxygenation tower, Note the brighter color of the oxy-
genated, arterial blood, at left, as opposed to the venous
blood,

Figuré 2. The foam trap,

The blood collecting in the foam trap was returned to.the
reservoir every 4 min via the drain tube at the left in the
picture, ' :



Figure 2.

The foam trap.
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and instant stuﬁning in order to reduce struggling'and subsequent clot=

~ting of the blood within the liver prior to exsanguinationoi_'

Treatment of the Blood

Exénsguinatioﬁ was accomﬁlished while the énimaié}were extended
&ertically by means of a meéhanical hoist, An iﬁpision’wgs made'iﬁuthe,;
throat and the carotidkarteries.were severeé; Blood-wés'collected'in :
two plastic buckets., The‘blood was tﬁen continuall& stirred-with'wodaen'
paddles until clotting occurredo’ The=larger‘cloﬁs were thén preésed
free of residual bloodvand discarded, . The partially défibrinéted Elopdr
was then filtered through a series of three filters to complete.thé de=
fibrination prbcess° fhé first filter consisted of one layer of—Chix-r

.Brand Cheesecloth 406 (90), The secoﬁd filter consisted of two 1ayefs
of the aforementioned cheesecloth, The third ﬁilter consisted of OﬁgA 
thickness of surgicalAﬁonabéorbent cotton over one thiCkﬁgss of the -

 aforementioned,cheeseclotho The filteped9 defibriﬁéted blood Qas then:
collectéd, the volume was measuréd and 6 litersjweré piaced,directly
into the reservoir of the perfusion appératus° The.Réllelex "heaft?i

pump was started and oxygenation of the blood was begun immediately.

Liver Excision and Preparation

Immediately after.the'blood célleétion? thé animal was piaced
" on the floor on its left side. An incision‘was mnade db&n-the @id«iine
and th¢ right side of the animal was lifted exposing .the liver, Care
was taken to leave as much of the porfal vein gnd abdbﬁiﬁél vena cava

-attached to the liver as possible, Total.élapsed time from stunning to



' ?6:
:_ekcision was generaily_4@5 min, ’Onée éxciséd, the7livér Qas washeaz"7 
ffeé éf extraneous matter~and weighed, The'poréal velin was then-caﬁﬁu—
lated with a glass cannuya and - the livewaas internally rinsed With ap=
proximately 10 liters of okygenated physiological saline at 37,5 G,

| - During the riﬂsing.operation the li&errwas gently:massaged"in
the.direction of bloodlflow to aid in the removal of residual blood;
Any extraneous fat was removed from thersurféce.of the liver and the
posterior abdominal-Venabeava'and bile duct were cénnulatedo_ All>canu
nulae wére made secure with hemo'statéo The livef was ﬁhéﬁ drained of.
saline soiution and ?lacea into. the perfusion apparatﬁs and connected .
to the.blood supély via the cannula in the portal vein, Each animalts

liver was perfused with its own respective defibrinated blood,

Method of Sampling

After about-’2 min had been allowed for the liver to clear any
residual saline solﬁtion, the initial 50-ml blood sample was obtained'
~from the venous outflow from thé cannulated postérior,abdominal vena -
cava,- Thereafter, 50-ml blood saméles.were taken~evety_30Amin for 2
hr, =~ The small amouht‘of residual saiine solution which was still'pf¢Sa
ent in the liver was pot considered tolhave sigﬁificén;ly affected tﬁe
results of the pej:fusionso A control Uperfusi&n," cyciing.bldod .
through the perfusion apparatus with no iiVer preseﬁtg Was‘perﬁdrmeag-
Samples were of the 'same size and taken at the same time'intervals~as
those used inﬂthe eight perfusions,'ﬁﬁt,the samples;were‘taken frém the
ar£eriél blood cannula which would have been plécéd_in:the‘portal vein

E of the liverg



o
| Bilé pfoduction Was méasuréd_at‘60 min-inter#élé,in theleigh£7=
perfusions, Small bloocd samples were collécﬁed.atfinitial tiﬁe and
after'BO,-éO, and 120 miﬁ of‘perfusién fbr‘biOOd.glucgée detefminations;,f
Also, heﬁatocrit readings.were obtained beforé defibrinatioh§:§t ini—:
“tial time, after 60 min,‘and affer 120 min7bf peffﬁsiona
At the termination of each perfuéion,'thé liverrwas disseéted,
as in Figuré 3, and gi?eﬁ én'arbitrary perfusion éééreeriThé livef inrr
Figufe 3 was a typical resﬁlting?perfused and dissééted'livera} Thé 
~caudate lobe, directly under the shoe inrthé picture, was consistently -
thelmost difficult area in which to achieve Satisfathry'perfusion,.és
evidenced byvthe'light coloringé in this area, o
In Figure 4 the perfusing liver can be.seenAWitﬁ‘the pbéﬁerior‘
abdominal wvena cava, the portal.vein,.and‘the bile duct.cénnulated;
Note‘thé dafk‘appearance of-the venous blood;as;oppqsed‘tdAﬁhe-oxygen;“”
ated-blood ‘and the naturél.appe'arance'of"the}liver9 eveﬁ¥aftér,2 hr.p£ ;

 perfusion,

Centrifugation .

| After the post=perfusion blood samplés were céilected, they
‘were placed in a coldrooﬁ at 0 C for at léast 1 hr, Théy Were.theh' f
.Centrifuged at 15,000 rpm in a Servall Supérspeédtééntfifuge for 20‘{1]~
;.miﬁar The;serum‘was then'pipé£tedvinto glass.vials‘énd;épbroXimatély;17:
.mg of Merthiolate was added.ﬁo.retard aﬁy'microbial growth, . The vials
' were.stopperedlwith plastié tops and stored.in a refrigerator‘at 5}Cf:~
lﬁntil éubsequent extraction, _Extraétions-wefé médetita?§7aftéﬁ théf C5:

samples were collected,



Figure 3. Post-perfusion dissected liver,

Dissection of the post- perfusioh'liVers proved them to be well
perfused éxcept for areas of the caudate lobe, which were
notlceably lighter in color :

Figure 4., The pﬁrfusing iivera

" The cannulated portal vein, posterior abdéminal vena cava and
-bile duct are shown, 'Note the dark color of the venous blood
leaving the liver via the cannula in the posterior abdominal
vena cava and the natural appearance of the liver after 2 hr
of perfu51ono



Figure 3. Post-perfusion dissected liver

Figure 4. The perfusing liver.
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Chemical Analyses

‘Although quantitative measurements of extracted lipid were ob-

tained as a method of staﬁdardization»Qf<technique in thin-layer chrom=-

atography, this experimént was designed to study the qualitative effects

_calculatéd after gas-liquid chromatography. Analysis of .one sample was

not duplicated because of the time required to prepare omne sample for

gas=1liquid chromatography‘and'because'ﬁrevious samples had repeated

Wélla

Lipid Extraction Procedure

Extractions were made on the day following sample collection by

a modified method of that proposed by Folch, Lees, and Sténley (1957).

2.

The extraction was: carried out in the following manners:

A known volume of serum, usually 12 mij was added to a one=-pint

" Mason Jara

A mixture of chloroform—methanol (cM) 221 (v/v) was - added at a

ratio of 16 ml to 1 ml of serum,

The mixture was then blended at speed setting six for 4 min in

a Sorvall Omnini‘cere

“The mixture was then filtered through Whatman #1 filter paper

and poured into a 1000-ml separatory fumnel,

The.above steps.were repeated until all of the serum from one
sample was extracted, There were usually 25 ml of serﬁm/samplg&
The CM-1lipid mixture was then washed with 5.5 ml of rinse solu=

tion/ml of serum, The rinse solution was prepared by diésolving



10,

‘11,
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0,20 g of calciumrchIOIide,'O,l7 g of7magnesiﬁm'¢hloride, and

2,90 g of sodium chloride in 1000 ml of»deminéralized'watérg

The mixture was then allowed to stand in the separatory,funnel'

" for at least 24 hr,

- The lower chlorofoerlipid'layer was then’diaihéd into a dessi~

gated and tared 400-ml beaker,.
The beakers were placed in a vécuum o&en at 40:C1éﬁd éildﬁéd tb-
dry for at least 24 Hro_ | | |

The beakers were dessicated for 1 hr, Weighed,'éﬁd the'iiéidf
was stored in glass vials in a known Volumejqf“CM 221,

The $amples were placed in a freezer afi=1$:C.untilvsubseqﬁent

thin-layer chromatography.,

. Thin-Layer Chromatography of Lipid

The methods used in thin-layering the.lipidsiwéré essentially

those of Bowyer et al, (1963) with some modificatioms, . All solvents’

- used in this and following procedures were re-distilled except for

chloroform., The procedure was carried out in the following manners

1,

b

A volume bf CM-1lipid mixture containing 40 mg éf lipid Was.
pipetted into‘a 15=-ml centfifuge tube; o

Thé solventvwasrevapofaﬁed under a stream df:nitrogen énd.the
1ipid was transferred in chloroform to a Z;ml;épotting tube;‘
The Chloroform was. evaporated under a stréém-of ﬁitfogen dOWﬁ
to a volume of about 200 ul, |

The chloroform-lipi&.mixture was spottedwoﬁfprénéctivated-thin-.

layer plates, The plates were 20 x 20.pm:with-éilayér



| .25 
thickness of OféSImm_and,designéted-Pre;Coated TLC éléfes;  |
Silica Gel F-254_(Eo Merck AWG,A Darmstédt,tGerﬁany)af'spot~
ting was accomplished using a Hemilton lOO«ui syfingeot

Aftef séotting, the piates were placed in a glass tank with a
solvent mixture containing light petroleum ethefndieﬁhyl ether=-
acetic acid (80:10:1 v/v) ahd allowed to develop until the sél-
vent front reached the top of the plates., |

The plates were thenvfemoVed, the solvent ohifhé_plates élloﬁed
to evaporate, and then the plates were liéhtly:sbfayed'ﬁiﬁh a
0,05 percent (w/v) solution éf.Rhodamine_6G in,ethYl alcohol,
The lipid fractioms wefe identified and marked under an ultra=
violet light by the use of standardén

Each fraction was carefully .scraped. fromAthe platéAqsing a
single-edged razor blade and placed in aA15=mlAéqreW¥top cén;,

trifuge tube for subsequent esterification, .

Esterification

The 1ipid fractions were transesterified by a method derived

from those of Bowyer et al, (1963) and Marchello, Dryden; and Ray

(1968)0

.

The esterification procedﬁre was as follows:
Tréﬁsesterificatipn was accompiished,with-theAlipid fractions’
still on the silica. gel. Two ml of benzene vere added to the
gel in the lS—ml,centrifuge‘tuBésg ‘The whole-serﬁm lipid was
not transesterified'iﬁ the presence of.gel since there was no

previous thinalayering required,



2., Tour ml of methylating éolufion Wereﬂaadéd and“tﬁé fubélwéé: f 5
flushéd'&ith ﬁitrogen:gaS'and tigﬁtl&yééépédv  ; "' . EE

3. The methylating solution wés 500 berceﬁt.iv)vg sﬁifuric acid_iﬁ
sgper—dry methanol, The super-dry methanél was‘preéaredkgé-vf
cordiﬁg to Marchello (1965)0. ' ” =

4, ‘The tubes Were placed in a waterbath at éO:tS C for. 2,5 hr andv-
‘stirred occasionaliy on a small Adamslcyéib-Mixera |

5. . The tubes were then removed; cooled,‘aﬁdvfhe contents Wasﬁéd
with approximately 4 ml 6f distilled watefu' The'esters'wére éx—
tracted with two portions (app:oﬁimately 2 ml eéch).of lighf .
petroleum ether and rémovgd to a Z«dramvécfew;téb vial éftgﬁjv;ﬂ
subsequent centrifugation at 1500 rpm for '2.min°

6. The esters were stored at =18 C under nitrogen uﬁtil théy Weré
thin-layered and subéequéntly analyzed by gaSwiiquid chroma-

- tography.

Thin-layer Chromatography of Esters

Thin-layering the esters was mecessary to separate theAﬁethyl‘
esters of the fatty acids from each fraction frqm'any unwantéd‘coméounds-
that were soluble in the light péﬁroleum etherai The ﬁbst important of
these'unwanted_COmpounds was cholesterol from thélchqleéterol éster
fraction, but also important was a possible compiex sugar derivative
which was present in the_triglyéefidé and free fatty acid fracti§ns;

: Essentially the, same prdgedure was.uSedriﬁ.this'thinwlayer
process és was used in the thinnlayeriné of thé'lipidsw Thé”sgﬁefsoln

vent system was used., The band containing the esterified fatty acids



from each'fraCtion'was"identified,byiuse of7a'étéhdard, The baﬁds-Wefe
5craped from the plates and placed in 15—m1 centrifﬁge fubes‘éﬁd eluted

: onée with 1ight~petroleum ether and cnce with diethyl,ether;'ACentrifu- 
gation at 1500 rpm for 2 min’followed.each élution, and the esters:in
ether were stored in 2-dram vials undér-nitrbgen at =18 C for subse=r

quent gas~liquid chromatography.

Gas=1iquid'Chrématographj

.The esters wéfé chromatographically separated using a'Béckman
GC*S instrument equipped with a hydrogeﬁfflamé ionization detector,
The instrument was fitted with a 1.83 m (3,2 mm 0,D.) coiled stéinless
steel column packed With’lOOwlZO meshcchromosorﬁ‘W”(HP) coated with di-
ethylene glycoi succinate (15 pércent by weight). Instfument bperating
conditions were: dinitial column temperature; 170 C, and programﬁea non-
lineérily to increase to 200 C over a 35-min span; detector temperature,
240 C; inlet tempefatureg 205.Cs and;cérrier gas flow (nitrogeﬁ), 28>
ml/min, o | |

Identification of methyl esters_was'éccomplishéd by éompérison
of the relative retention times with those of standard solutioﬁs of
known coxhpositiono The weight percent of each ester was deﬁermined'by
Acomputing its proportionate amount as ﬁegsured by a disc integratér to

the total area of the chromatograms,

Blood Glucose Determination
The method used for determiniﬁg blood glucose levels, published

in "Gluc:'oStat"'(Worthirigton.Biochemic'a-ll.Corp° 1968), is as followss



1. StandetdrglUcoseVsolution: tFive g ef anhydrous dexttose>ﬁas ;"
dissolVed~ih 50 ml of 092-éercent'benzoic;atid in water eed:i
diluted to 500 ml.with.distilleé water in_e yolumetrictflaeka_

2. 1:40 filtrate: Two-tenths ml of bloodrwes‘added to 3.8 ml of
water, Thié_was.miked and 2,0 ml oflbarium hydrOxide'was“édded
to the solution., Two ml of zinc sulfate was then,aaded and

v mixed with the selution_° The solution.waertﬁeﬁ centrtfuged at
1500 rpm for 2 to 3 min and filtered through Whatman #i.filter.‘
" paper, | | |
3. Ba(OH)2 soltuion: ,Nipeteen and one—tenth g of Ba(QH)2°8H20 was
dissolved in.distilled water end diluted to volume in a 2000~m1
volumetric flask, This was filtered aﬁd stered in e bottle .
with a soda lime stopper,
. 40 ZnSO4 solution: Twenty g of ZnSO °7H 0 was dlssolved in dis-

tllled water and -diluted to 2000 ml in a volumetrlc flask

L giluted to 50 ml)

5. 'Procedureé~ To 2,0 ml-of reagentf(Glucostat
was addea 2,0 ml of 1340 filtrate., After exactly 10 min at 22
to 25 G, oﬁe drop of 4M HCl was added. The solution was al=
lowed tp stand for 5 min, = The selution was then transferred to

a cuvette and read in a Beckman Model B speetrophotometer set

at 400 mu,  Zero absorbance (0.D,) was set by the reagent blank,

Statistical Treatment of Data

Before applylng statistical: ana1y31s, the changes in percent

. over time assoc1ated with the individual fatty ac1ds were coded to

1, Worthington Biochemical Corporation, Freehold; New Jersey,
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positive values to simplify the‘anelyeis and-iﬁﬁerpretatioﬁ‘of the iéa
sults, | | - |

The changes 1ﬁ percent of the 1nd1vidual fatty a01ds assoc1ated _]
W1th each’ fractloﬁ were tested for 31gn1f1cance by means of a two—way
analy31s of variance by least-squares procedures (Harvey 1960), - On -
" those effects which were found to be significant (P<,05), the Duncen's
New Multiple Range Test according to Li (1964) was epplied-to ieolete
'these.differences; >“

The statistical model for each fraction was:

Y. = utd, e o+ el
Yk u+d; tJ (dt)lJ ®5 ik
vheres
u = overall mean of all observations in e-fraction,
d, = effect common to all observations in the i** diet in a .~
fraction, :
t, =. effect common to all observatlons in the j?‘time in a
o fraction, ' '
(dt)i = interaction between the i®™ dlet and the J™ time in a
J fraction,
eijk = random errors associated with livers from steers on the

same diet and are assumed to be independent and normally
distributed with a mean of zero and a common variance,.

The form of the analysis of variance iskpresented in Table 2 and

Teveals the composition of the expected mean Squafesa
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“Table 2, Form of the analysis of variance shoWing composition of

expected mean squares,

d.f,

Composition of expected

Sourcg mean squares
Total 31 _ S
Diets 3 G +:-n;l-n3' Va
Tiﬁes 3 G~é2 +-nln2 Vt
Diet x time o ‘ 9   6¢§2 +.nl Vté‘
Error 16 G e?

2 (livers)

i

4 (times)

4 (diets) -



 "CHAPTER IV
RESULTS AND DISCUSSION

Geﬁefal"

As mentioﬁed.in Chapter III, thevéteeré used in ihié'éxberiment
were not taken off feed prior -to slaughter, 'As-thg animaiérwefe fed 5£ }
7:00 am and 3:00 pm each day, the animals Weré_alllkilléd as near"11300 :t
.am- as éossible so that staﬁdardization‘éf the~poét-absofptiVe stété at
the time of death could be achieved, = |

The time which elapséd between stunning of,the_animalsfand ini- -
tiatidﬁ of perfusion fdr the-eight.perfusions in‘this e#periment Wés 
1196 T 1.6 min, As will bé mentioned in later’diééﬁssiéﬁgbthié total
time of ischemia of the livers may ha&e deletefioﬁély affected some
‘liver enzyme systems, 'Brauef et al, (l951)»répbrtedbthat+a=tota1 6f'3:.
min of ischemia.did not'seriously affect thé,physiology‘orAfunctionvbf
rat livers., Although theoreticaliy ischemic for about 12.min, after i
'aéproximately 4,5 min had elapsearfrqm the ‘time - of stUnning,the 1ive£s
in this experimeﬁt were internally'rinsed with oxygenated physiélogif'
cal saline at 37.5 C until perfuéion wés,initiéﬁed;. This.internal-

. Tinsing removed residual blood ffom the-livef and aided in the‘préQen~ ’
tion of vaso-constrictiohsr‘Ithas'believed fhat‘éhis rinéing also may
,héve reducedfthe deleterious effects-éf the ischemia, proVidéd.the
livgrs could utilize.some oﬁ thg oxygen in the'physiologicélrsaline i
'solution; | | :

T



32 .
Biie‘éroduétién-in tﬁeufirst 60 ﬁin of perfﬁsibﬁ averaged 13 ml.
of bile fofmed,.anavthe rangé was 5 to 23 ml, In:thefsecond 60”mip of' 
perfusion, the average production was 9°é.ml and~£he7féng§ wés 9 to
10,5 ml, Marfinis et al. (1958)'repo£ted thaf valueg éf bile productioﬁ
.ranged~ffom 1.3 to 9f6 ml/hr for youﬁg CalVeéf livefs,; ﬁéipg liver size
as a criﬁefion for the amount of bile férmed,-the vélués for,the>larger’->‘
" livers in this experimen£vwou1d have been e#pected tb>have'beéﬁ’highérq
Howe&er, Martinis et al,'(l958) used blood flow rates averaging 0.60
ml/min/g of liver tissue, while the blqod leWfrates for this experiment
_.avéraged'O;lB ﬁl/ﬁin/g‘of 1iver'tissue3f This may,be oneapossible:ex; .
pianation for values which were lower,'rglative to liver size, than .
~ those .of Martinis et al, (1958),
Differehces in ﬁematocrit valﬁés Before defibrinétioﬁ and afte:
120 ﬁin of perfusion generally refiected a 9 percent reduction in the
‘packed fed blood ceil volume as revealed im Table 3, A significant
(P<,05) decrease iﬁ:packed red blooqhéell volume due to the defibrina-
tion process was Obsérved (Table 3) for fhe animals’fedbthe 5 percent R
tallow diet., Nonsignificant decreases in packed_red blobd cell volumev
were evident for the animals fed the other diets, Thelsignificant dé—
crease and the obéerved nonsignifiqant deéreaées were most likely due
'to the red blood célls diséarded in fhe.clots during théidefibrination
process, 'qu each.diet, signifiéant décreases betweenrthé initial
times and,aftef 60 min:of perfusion were revealed. ;Thé'majorvsouréeJof
ﬁhis rédﬁCtioﬁ'in thelpaéked red'blood_éell.volume Was>most likeiy'con;,

tribuﬁed by the action of the Roll-Flex "heart" pump causing the "



Table 3, - Mean hematocrit values,

.33

Time of . . Means by diets (7, tallow)

hematocrit - 0 5 - 10

15

~ Before de- a,x - a
fibrination 40,1 Y(2,9)% 42, 4%% (3,4) 38,1%Y (1,5)

0 min 37,5%% (0.8) 36, 3 X (3.5)  35.8%% (2.8)
60 min 33.8%7% (2.5) 31.5%% (2.1) 32.1%%F (1.6)
120 min 33,8 *(1.5) 30.4°7Y(0.2) 28.1%7 (3.0)

38,0%77 (2,9)

37.6%% (2.0)

34,2°9% (5,2)
32.7°9% (2,3)

1 . ‘ c s
Two values per mean, standard deviations are within

a,b

parentheses.,

’CMeans across times with different superscripts differ P<L,05,

*9¥Means across diets with different superscripts differ P< .05,

Table 4, . Mean blood glucose levels,

Means (mg/100 ml) by dlets (% tallow)

Time 3 5 10

15

0 min  423.2%°% (54.6)% 221.7%Y(151.7) 204.1%2Y(39.7)
30 min  564.5°°% (13.1) 345.0°2Y(197.8) 418.3°77(77.2)

60 min  634.6°%7%(63.1) 387.7°27(163.5) 465.8°2Y(71,0)

120 min 711.7%% (60.7) 434.871Y(193,9) 516.4°2Y(70,3)

202,227( 0,8)
215.8%2%(16,7)
247.222%(17.4)

255,4%7%(50,6)

1 ' s s es
Two values per mean, standard deviations are within

a,byc

parentheses,

Means across times with different superscripts differ P<?,059

*9¥2%Means across diéts with different superscripts differ P< .05,



disrdption of ‘the red blood celis and<the_gﬁgseéuént.réléasev5f'tﬂe'l |
heﬁe pigments, In Figuré.5 arerpictured vials 6f‘seruﬁ»t§ken'gt:ini~f:
tial time, aftér 30, 60y, and QO’min, aﬁd afthe end ofhlZO min‘éf pe#n
fﬁsiono Successive darkening of the sera éaqséd by»thé:ruPtuféng:of;
erythrécytes can be observed. i | |

Data in Table 3 also indicated théf-the'animals féd the:S'pern
cent tallow diet exhibited a significantly (P <.,05) higher iﬁitiél
packed red blood cell volume than the steers féd theilO-and'15=§ercént ’
tallow diets, The steers fed the O'percéﬁt“géllow diet had a ﬁonéj ‘
_significantly greater percent;paéked.red blood cell_voluﬁelthaﬁ'thosé
fed the iO and 15 percent tallow diets, The;animals.fed the 10 perégﬁt
tgllow diet exhibited the lowest percent of packed red blood cell vol~
umé after 120 min of perfusion, but it was 6bserved_that the initial
percent was siggificantly (P<,05) lbwef_thaﬁ fhat éf the;aniﬁéls fed
.the 5 percent tallow diet. Diet by time interaction for the hématocrit'
mean values was mnot significant; |

in Téble 4 are reported the mean values of the blood glucose -
levels, by aiét9'present in the'bloodﬁbefofe;and during the-éourse of> 
perfusiong‘ The significant (P< ,05) general-;ﬁofold increase over time
of perfusion of the blood glucose levels for»the animalsvfed the 0, 5,
andle percent tallow dieﬁs corresponded to the report of .Connolly et

(i96h), who worked with goat livers; Theract that, thé iivefé'from

the steers fed the 15 percent tallow diet falled to exhlblt the. 1ncreasef'

of blood glucose levels over time ooserved for the other diets ‘may have "‘"

'.,been due to this diet influencing the mnount of>glycogen that'was capa-

ble of being stored in the livers, -



Figure 5. Post-perfusion serums.

Vials pictured

illustrate

the darkening effect of the sera caused

by the rupturing of erythrocytes. Initial time serum is at the

left.

35



36 .
,DietTéffééts wefe observéd for-quoa.glﬁ;§sé7léielé_(Tabié:4)o»'
' The animals fed the 0 pércénﬁ tailow-diet ekﬁibifed‘sigﬁificaﬁtiy;{
- (P ,05) higher levels of bioodlglucose.over:all timés thanfthoSé énin '
mals fed the 5, lb, and 15 percent tgllow dietéq The stéers éedAthe 5
and 10 perceﬁtftaliow dietS'contained.significantly (P °05) higher.
' lévels of blood glﬁcoSe”than thevstgeré-fedAthe 15 percénfrtaliﬁw.diét-
:except at initial times, - B | |
The high standard deviations encountered iﬁ Table 4,.paiticﬁiarlyg"
for the 5 percent tallow diet, can be e'xplainédo Oﬁé'steer-fed'tﬁis aiet
" had a high initial blood>glucose level (329,0 mg/100 ml) and thié level
increased to 57109 mg/100 ml,*IThe.dther sféer had_aﬁ initiaiAblood glu—"'
coée,level Qf 11464 mg/100 ml and increésed;f01297e7_mg/lOO ml;éosté .
perfusion, Increases were gonsisten£ duriﬁg egch»peri§d bf.séﬁplinge
Diet by time intefaction for blood glﬁcosé levels was mnot Significanto
.A control "perfusion,h circulatithblood through-thébpé;fusion.
- apparatus with no liver éresént,hwas pérférmed; Primarily, this was
:done to determine if any chaﬁges in_fat£y acid profiles‘of blb@d:Serum
lipias would‘be due to handling or treatment of the blood §f¥éerum, orl
any effect produced byAthe perfusion apparatuée Sécondarily,:fhis wés
-.conducted as a check on the repeatability ofbextractionyieste;ificé;:
tion,.and thin-layer and gasfliquid chfomat;)graphyo Thé resuits>of_this>-;>
+"perfusion" are ﬁresented in Table_Sg AlthOugh ﬁorstatiétiCéi‘agéiysis L
.Vwas run on these data, thgisize Qf‘the standard‘déviatibns”inaiqéﬁed_
“that no change in the fatty acid per;entages had dccurréds  fﬁe_sténd;

ard deviations were calculated from fatty acid percentages from five



:..'T.'able.f)‘°

- C20

c24

276)

Mean percent values of fatty,acids from pre-perfusion:
studies, . : ' ‘ - '
- Fétty : — . _ Fractio ni ' S
acid hole “P§o§pho- Free.fatty «Trlgly- -Cholesterol
serum - lipids acids cerides esters
cls 2.9(.29)% 1 0.5(.23) 4,30 .46)  4,9(.60)  2.3(,06)
- 1;0615 0.3(,25) 0,0 0.4( .55) 0.0 1.2(.26)
¢15 0.8(.15)  0.6(.22)  1.1( ,61) 1,0(,37) N 0.7(.07)
IsoClé 0.0 0,4(.35) - 0.4( .56)  .0,2(.26)  0.4(,30)
16’ 18.1(.66)  17.8(.38)  22,9(1.40)  33.4(.07)  7.6(.22)
Cl6sl - 8,0(.20)  2.5(.17) 6.0( ;22) Soz(ozs) - 18.1(.33) -
C17 1;6(923)" 1.2(,09) - 1,9( ,15)  2.1(.15)  0.9(.22)
IsoC18 1.4(.09) 1,1(.09)  1.0( .26) 0,2(,23)  3a2K979)
c18 17,00.42)  26.7(.52)  20.6( .83) 26,8(,63) - 0.7(.42)
c1831 28.4(.52) 34,7(.78) 3ogz<1065) 2693(L55> 20,1(,09)
- c18:2 16.7(,09)  9,5(.34)  6.0( .52)  1.5(.52)  39.8(,89)
' 0.2(.23) 0.0 0.0 0.0 1.2(,23)
- 1823 0,9(,28)  0,7(,29)  1.2( .36)  0.2(.25)  1,3(,14)
Unknown A 0.0 0,1(.22) 0.0 | 0.0 0,0 '
ca2 1.2(,29)  2.7(.22)  1.4( .38) 0.0 0.0
2034 2.0(,22)  2.,9(.27)  1,8( .58)  0.1(.22) - 2.5(.51)
. Unknown B 0.0 0,0 0,4( .94) _ 0,0 0.0
| 0.5(,66). 6,5(053> 043¢ 0.0  oqo |

o . o R T
Five values per mean; standard deviations are within parentheses,
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different samples, COllected'at iﬁitial-timeiahd after 36; 60,h9o,héﬁd',
i~l'2'0-‘min off"perfusion,ﬁ' Therefote,'eachksamplehwae extraeted9feeteti-
.'.fied, thin-layered, and;gas chromatographedjSebarately-and atvdiffetffvh
ent times° Bowyer et al. ‘(1963)hreported etahdard errorsfef,fattyhAr
ac1ds that had been thln—layered and gas chromatographed Convereion;‘

- of the standard deviations in Table 5 to-standard erTors 1nd1cated the
Tesults in this experlment to be more con51stent than those of Bowyet: .
et al, (1963) except in the case of C18:1 1n the free fatty ac1d frac;‘
tion, In this case, the standard error derlved from this experlment

was slightly larger. than that reported by those researchers,

" Whole Serum Lipid .

The average initial (pre%perfusion)'percent'of each»majot'fatty
acid of the whole serum 1ipid.for each diet is given'in-Table.SB It
was observed that the 15 percent tallow dietAexhibited eignificantly :
(P<,05) more C18:1 and significantly lessrci8:2 in the whole serum .
than did the other diets. It was also evident that the 15 pereent tal="
low diet exhibited,rbut not signtficantly, more Cl6Aand‘Cl6:l than‘did
. the other diets. The 5 percent tallow diet eontained a nonsignificahtly
higher percent of C2034 than the other diets,

| As was evident from the aﬁalysis of variance of the whoie eetum
lipid, the percent of Clé: 1 was highly 1nfluenced (Pp<L, Ol) by tlme of
perfu31on (Table 17; see Appendlx for Tables l7 through 21) It wasQ
) ev1dent from Table 6 that after 90 min of perfu31on therefwas ahsignifi—‘
“cant (P?in05) increase in the percent‘of C16;l andlin’the;nextiﬁormih.'H

there was a nonsignificant increase in- the percent of this acid., A



Table 6,

over diets and tlme,

Least square means indicating percent change of whole serum lipid maJor fatty a01ds

Avo_ihitiel % of fatty acid

perfusion.

0/30 represents percent change between initial value and value measured after 30 min of

Negatlve 51gn indicates the value measured after 30 min of perfu31on was less than that
at 1n1t1al time. '

a’bMeans'Within majorJClasses with different superscripts differ P<,05,

Treatments e

Fatty by diets (% tallow). Diets (% tallow) .Time interval O:ii-
acid 0 5 10 15 0 510 15 0/30% 30760 60/90 90/120 mean
Cl4 1.7 2,0 1,8 2.1  =.06° -,05 =-,01 =-.04 -f15 -,03  +,10 =,09 -,05
C15 S1.3 13 0.8 1,0 =05 =05 ‘+.01 -.04 ~.06  =.34  +,06 +,21 -.03
C16 15,0 16.9 15.8 "19.7 -.18  =.03 -.15 +.05 - 13 =46 4,20 +.09  -,08
Cl6:1 3.7 3.7 4l 7.3 =1l =06 .01 04 -,05° -,06° +,26% +,05% - 03
c17 1.7 1.6 1.6 1.5 +.01  =,06 . .00 +03 11 =,19 +,04 +.01 -.01
C18 18,8 12.9 14.7 16.0 +,15  -.03 -,04 +.16 +.51  -.24  =,15 4,13 +,06

c18:1 13,2% 16,0% 17,72 33,9° 2,11  +,03 -,10 +.03 ~.19 4,20 =36 +.19 -.04
c18:2 35,4% 31,0% 35,77 12,40 .24 4,36 -.26  -.14 +.51 4,13 -,23  -,21 +,05
C18:3 1.5 1.4 1.3 0.7 .06 =.13  +.05  -,18 +.01 .16 -,00  =,40 .08
22 2.2 2.4 1,8 1.5 +.09 .00 4,23 +.03  -,18 +.39  +.08 +.05  +.08

2034 3,7 7.3 2.2 2.6 . 4,19 4,18 4,20 ¢ +.10 S18 69 o -.16 3L 417
1

6E
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‘probable explanation'for this:increase,in,nercent cr tl6:l>mayehave'~rH
been-the desaturation cf Clé by the liver microscmal enzyme systems, 2
A.sizable decrease in Cl6 between.O and 60 min of perfusion_wae noted,
but thrs decrease was not 51gn1f1canto ﬁeneVer, thevcorrelatien'ceer?"
efficient in Table 7 between Cl6 and C16 1 indicated a hlghly 81gn1f1-i
cant, but positive, relatlonshlp (r = 0,60) between the two ac1dse'

Table 17 also revealed a significant (P<,05) diet by time 'in;
teraction for Cl6:l, Between 0 and 30 min of perfueianthe‘lOEand'15'f
percent tallow diets increased in percent of Cl6:1 whiie during tne‘v{,
same time period the O and 5 percent tallow diets decreaeen in the pererf
cent of this acid (Table 16, see p. 59). Alsc contributiné.to this,i 
interaction was the fact .that between 60 and 90 min.ef nerfnsicn the-:;.
0 and 10 percent diets exhibited an increase in percent‘of Clés1 while‘
the 5 and 15 percent dieté showed little_or no change;-‘BetweenA9O anafj¢‘
7120 min of.perfnsion, the 13'percent tallow diet increaéeaAin percentt 
Cl6:1 whereas the other Aiets yielded little change in nercent'of this
acido | | | | |

Table 7 revealed that the change in percent of C14 was hlghlyA
.related to C15 (r = 0,68) while the change in percent of Cl5 was nega-
tively associated with C18:2 (r = —056)0..The change 1n‘percent of-ClQ
‘was highly. correlated with Cl6 1 (r = 0, 60) and C18 (r = O 72) and .
highly negatlvely correlated with C22 (r = - 82) and- C20 4 (r = - 87)
- The change in percent.of Cl6:l-was related to Cl18 (r = 0. 50), nega—;
tively related to C22 (r = - 50) and hlghly negatlvely associated w1th

C20:4 (r = -,69), The change in percent 018 was hlghly correlated w1th~



Table 7, Simple adjusted correlation

cdefficients between whole serum lipid major fatty acids,

Fatty

c17

Cl8:2

C18:3 C22

oy ci5  cle  clesl cl8  cis:l C20:4
cl4 0.68%* -,03  -,02 046 -2 -.08 -.31 -.07 -.08 -.09

o c5 =04 -.17. 0,26 0.02 0.38 -.56%  -,26 -;07 . =.01
s 0.60°%  -,24 0.72%%  0.33 0,06 -.13 .--,éz** - 87
cl6s1 -.11 . 0,50% 0,06 0,01 0,06 - -,50% : - 697
c17 25 -l -4l 0027 0.8 0.13
Cc18 0.80%% 28 - 46 -, 67%% -, 59%
c18:1 T N Y S YA -.26
C18:2 0,09 -.28 -;16
C18:3 0.35 0,07
22 0.86™*
pcios

Iy



S a2
Cl8:1(x ; 0.80), negatively relatéd to C20:4 (r % 5;59) énd highly{l?_i
}negativély associatgd witﬁ C22 (r = Q‘67)° Thé'ChangeiiniClS:l Was:{
negatively related to Cl1832 (r:= f,47)réﬁa'high1y néggtiﬁély_aSSOciéteai L

with C18:3 (r = =,62), whereas the change in G22 wés‘highly correlated

with C20:4 (r = 0.86).

Phoépholipid Fraction I : ::ii
The average initial percent of each major fatty aéid §f~the -
phospholipid ffaction.for,each diet is given in Tablé 8;'.As in the
thle'serm lipid9 the 15 percent tallow diet-posséssed,significantly7~
(P<.05) more ClS;l'than the other diéts énd signifiééﬁtly less Cl8:2iﬂ
than the 0 and 10 percent diets., The O percent tallow diet exhibifedJ57 
nonsignificantly higher percent of Cl8 ﬁhaﬁltﬁe’other’diets'and.the 5{»3
.percent diet-Showed a higher percent of C20:4; though nét éignificanti&[
higher, them the other diets. - | | |
Analysis of wvariance for the phospholipid fracﬁion,in Table:18J
revealed that the changes in percents of Cl6:1 énd Cl8:2fweré éignifi?  
canﬁly (P‘<°OS) affected by_diet,vvFrom Table 8 it;wés évidént>that.tﬁej
0 percent tallow diet contributed to a 5,03 pércent)decfeése of Cl6zi;
This résult was somewhaﬁ-spurious because the average initial percehﬁ;A”
of Clé:l;was only 1.1 percent.. Thié,cah be'explaiﬁed by the féqt thét? ifi
.one:éteer fed this diet failed ;o'exhibiﬁ aﬁy-Cl6§i'in‘this fractioﬁ;é ;f
while the other steer averaged 2,2 percent Clé:1l in this fraction,

Furthermore, the O percent tallow diet influencedkg Sigﬁificant (P-{;OS)

decrease in the percent of Cl8:2, This was interesting BecauSeftheiziii'5 R

steers fed the 0 percent tallow diet exhibited the highest initialif;il.~:"



Table 8,
v over dletS and time,

Least ~square means indicating percent change of phosphollpld fractlon major fatty ac1ds_‘

Av.initial % of fatty acid Treatments _ Over—
Fatty by diets (7% tallow) Diets (% tallow) Time interval
acid 0 5 10 15 0 5 10 15 0/30° 30/60 60/90  90/120 ,mZii
Cls 1.4 0.9 1.3 0.6 . + 052 + .06  + .01 - .03 +.10 - .06 - .05 +.11 4+ .03
c15 0.9 0.5 0.9 0,2 + .08 - .05 4+ .01 + 26 - ;03" +ol4 .03+ 16+ 07
Cl6 18,2 21.4 19,9 18,0 - .28 - 0L - .08 .+ 21 .13 - a6 + .05 - .06 - .04
Clesl 1,1 1.7 2.1 2.6 -5.03° -1,04% +.01% - .00% -1.46 -1l -1.2% -1.33  -1.28
C17 1.8 L& L4 1.3 4,20 - 0L +.01 - .01 +.09 - .05 00 +.15 @+ .05
C18 © 27.00 23.9 23.0 23.3  + .26 + .14 + .06 - .03 -+ .41 + .01 + .11 - .10 + ;ii
c18:1 13.4% 18,27 22.7% 30.1° 4+ .11 + .23 +.05 - 16 .16 - .16 + .06 +.16 + .06
C18:2 25.1% 16.5%21.2% 7.1° <1.60° - 41% - L43% - L20% . .95 jQ 83 - 43 - .53 - .68
22 .:-403 4,0 3,5 3.1 +,39 4,06 +,09 +.,03 + .16 + 420 ‘+‘;06 +.14 + 14
C20:4 5,2 7.6 2.9 4,2+ .74 - 01 + 06 + 01 +,08 + A1+ .30 J+‘moi + .20
1

0/30 represents percent change between
perfusion,

2 Plus sign indicates the value measured
measured at initial time.

" a,b .

ok Meansvwithin majer‘classes with different sﬁperscripts'differ P<,05,

initial value and velue measured after 30 min of

after 30 min of perfusion was greater than that

€y



percent of thlS fatty ac1d in- the phOSphOllpld fractlon,;aThe prefefet;ti>f
tial oxidation of C18:2 by the enzyme systems of ‘the llvers from the- -

- steers fed thlS diet may have been one causeAfor the 51gn1f1cant-de-‘ff
crease of C18:2, but a deflnftetexplanatfqn'for‘thls effeet was not:j'i'
cleafly evident, | | )

A significant (P <,05) diet by time fnteractfon was observed_;if,
for C18 (Table 18), From inspection of the data fﬁ.Tableyl6 (p. 59>,:i
it”wasfappareht that duringrevery time interval tae O and S.éercent':‘
'tallow diets exhibited.oppesite-effects;- Between'O_and_éO’min of-perel
fusion the 5 percent tallow diet'decréaaed in»pereent of:C18 ana-the*f
" other diets incfeased in C18 dufing thisVtimeiintetyal;‘:Betweeﬁ 60 ;ﬁd'
90fmin of perfusion, the failure of the 10 and 15 pefcentetallowldiete,
to,ekhibit a similar effect also contributed te the obaeryed‘interactfon°>

. Table 9 revealed that the change in percentAofAClé Was'corre- {é -
‘-.lated with C18:1 (xr = 0, 52) and the change in percent of Cl6 was nega-3h
tively correlated with C20:4 (r = =,54), The change 1n'percent of Clésl
was related.td C18:2 .(r = 0,57) and negatively aSsociateé with C20:4 -
(r = -,53), The change in percent of C17 was-hegatfvely correlated
" with C18 (r = -,55) while that of C18:1 wasinegatiyely.related to C22fi‘
'(r:= =453, The change in'percent of Clé:Z'&as ﬁegatively asspeiated}
‘with 622 (f = —?55), whereaé C22 was positively cerrelated yith 020;4:

(= 0.57),

. Free Fatty Acid Fraction .-

The,average 1n1t1al percent of each maJor fatty ac1d of the .

free fatty acid fractlon for each diet is glven in Table lO ThlS



. Table 9,

PR

Simple adjusted correlation coefflclents between phosphollpld

fraction major fatty acids,

Fatty c16:1 C17  CI8 Cl8:1 Cl8:2 €22 C2034
acids - C
Cl4 0.12  ~.15 - 0.12 0;52* 0,06  =,19 ,_—035:
c15 0,17 - 0017  =oh2  =uB1  0.25 =.10 -.13

' C16 0,38 =s24 0,25 =,05 .25 =02 =56

clest 2038 0412 0.12  0.57% .28 - -,53%

c17 2.55% 0,01 =36 0,10 0.31
ci8 0,21  =,02 =,37 =,29
c18s1 0.39 —,53*‘-=o35
c18:2- =557 .31
c22 ©0.57%

* P<,05



~Table 10, Least-square means indicating percent change of free fatty fraction major fatty acids
over diets and time, : . ‘

Avoinitial % of fatty acid . | . Treatments ' ' . Over-
Fatty by diets (% tallow) Diets (7 tallow) j Time interval a1l
acid 5 10 15 0 5 10 15 0/30% 30/60 60/90 90/120 mean
Cls 3.6 2.8 3.3 3.6 - 152 4 .06 < .18 + .03 - .09 - .03 + .10 - .23 - .06
€15 1.2 1.2 1.1 1.1 00 - 08 .00 + .03 + .14 - ,19 +,06 - .06 - .01

C16 22,2 23,8 22,2 22.4 - 75 - 48 = 75 = ,33  =1.73 - 45 = 39+ a26‘_"- .58

Clésl 5.0 4.7 4.7 5.2 - 2l - 06 - 10 +,10 - .10 - o 24 - .29 +035 . -f°07‘

€17 1.7 2.0 1.6 1.8 +.20 - .03 + .03 +.05 35% - 16%. 20® 4 35% 4 06

C18  25.4 23,1 23.7 201 42,08 +1.31 +1.78 + .64 +6,23° 4+1905b +.11%¢ -1,59% +1.45 f
_.Q18:l. 28.1. 33,1 28.9 35.3 -1.76 -2.23 =-l.41 -1,21 " -6,20° - 5% + °24a - ?5oati.f1065 |
c18i2 7.4 6.8 9.7 b7+ .64 F.81 .19 + .01 b bk 45 L, 08 -'djrw;;v+';aiftife'

c22 'fv 1.8 0.6 1.4 1.6 . + .01 +.16 +.03 00 ;53a' e',59§'- ;16§ '+'°38?j f+,°°5~

Cc204 3.0% 1,2° 1.8° 2.1% 410 40590 - .01 4,30 45330 - 21 4 20+ .66 .26

L 0/30 represents percent change between initial value and value measured after 30 min of
pelfus1ona E : . : S

Negatlve Slgn 1nd1cates ‘the value measured after 30 mln of perfusron was 1ess than that L
©at 1n1t1a1 time, _ . ,

o

[a b’ Means Wlthln maJor classes with dlfferent superscrlpts dlffer P-( 05,
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-fraction cleérly exhibited the least'variation of faftf acid.percehta
ages among_thé diets, It can be obéervedg ﬁéwevér, that the O percent
‘tallow diet possessed significantly (P<.05) more-CZO:4 than;did-the 5
and 10 percent diets, ' |
Time signifidantiy'affected the éhange,in peréent of?Cl7

(P<,05) and C22 (P<,01) as shown in Table 19, However, thésé acids
were minor in total fatty acid percentage. Furfhermore, since Bpth of
these acidé initially increased, then decreased, only to incréaéé in
percent again, it would seeﬁ that some extranebus error that'follqwed
- no pattern may have infiﬁenced the significance_encountereds  It-canibe
undérstood that fatty acids of low concentration were difficﬁltrto
. measure accurately, |

By far the most highly significant change over time of perfu-
sion in the free fatty acid fraction, and other fractions, occurred be-
 .tWeen Cl8 and ClS:l_(Table 1950 Figufe»6 diagrams‘the‘reiaﬁioﬁship
-between.ﬁhese,tw§ acids during the prégfess of thé perfusions., - Between
'0 and 30 miﬁ ofperfu_sion9 there was a significant (P<,05) increase,
6.23 percént;“in C18 and ‘between 90 and 120 min of perfusion, there Was:
a significant (P< .05) decrease in the percent of Cl8 (Table 10), A4s
opposed to the increase in percent of Cl8, the same magnituae.of decrease,
;6,20 percent, was observed for ClSéi between 0 and 30 -min of_’pérfusion°

It ﬁbﬁldfappear from thesé;data*that a saturase enéyme'system
was acti&elytsaturating C18:l to C18°;'This effect'was in direct con~
trast to thelfeportea enzyme desaturase systems in rat liyer (Nakagawa

_and Uchiyam.a'1969b)o
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Figure 6. The free fatty acid CIS vs. CI18:1 relationship.

This graphic illustration indicates that after 30 min of perfusion
the decrease in CI18:1 was accounted for by the increase in CI18.
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Table 19 revealed é significaﬁt-(P*(?bij diet'by time inter¥‘
action'for Ci8, From 1nspect10n of the data in Table 16: (pud59)
was ev1dent that the 0 and 15 tallow diets decreased in C18 oercent be-
tween 6Q end 90 min of pexrfusion, wherees;the 5 and 10 percent tailow
diets exhiibited an inc;ease of C18 dufing.this ﬁiﬁe interval, - BetWeen.
90 and 120 min of perfusioﬁ the 0 and 5 percenﬁ diets revealed decreases
in the percent of C18, but the other two diets exhibited little:or o
change in percent of this_acid§>thus also contributing to the obseryed
intera-c_r:ion0 | |

Data in Table'll revealed that‘the ehange ig percent of Cl4 was
negatively associated_with Cl8:1 (f = =,53) and highly negatively asso=
ciated witﬁ C18 (r = -,64), The change in percenf of Cl6 was highly
correlated with Cl6s1 (x =:O°64),.negativelyjrelated to C18 {r =.=651):
and Cl8:2 (r = =,53) and highly negati&ely_associated with C203§1(£ %
.~»71). ' The change in pereent of Cl6:1 was negetively.correlated-with1
C18 (r = =,50) and Cl18:1 (r = -,54), while that of Cl7 was associated
with C18 (r = 0.50) and negatively related to C18:2 (r = =,58), |

As mentioned in-the general discﬁssioﬁ'of results, hematocrit
values were significantly reduced at fhe end of 30:min of perfusion,
This factor may have accounted for the significant.decrease in the per~
eent df €18 between 9O'aﬁd7120 min of perfusidn due fo the loss of oxy-
gen transport ability and p0851b]e retardation effect upon the enzyme
'system Wthh appeared to. be saturatlng Cl8:1 to €18 in the llversaz
Anothertreeson for the termlnal decrease may have been due to a 11mi£ing

. substrate (C18:1) concentratidn, although this would seem not to have



o

. Table 11, | Simple adjusted correlatlon coeff1c1ents between free fatty B

acid fraction major fatty acids. -

Fatty G5 cl6  Cle:l 17 . CI8  Cls:l Clss2 G22 G20t
acids -
Cle 0,23 0.5 0,33 | =26  -.64" -.53" 9,14!V'0;09 -4 04
€15 0,00 .07 =19 0.5 43 ~u40 . 0.1 -.06
c16 - : 0.64"% =,04 =,51% -4;23 - ~;53* '~u15v - 71**
cre:1 - .01 -,50% - 54% —a43f'teb25' -.32
7 o C 0050 01 -.58% 0,27 0,12
c18 . B 0,18 ~.20 -;16 0,16
c18il | o | N 0.32 - =.20 —3174
c1832 | | | U"fttoqzo_' 0,28
0.6

C22

% P<a05

Sede .

“P< 01
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‘-been the case, A third possibilit& fo?-tﬁe decrease may'héve'been a
feedback inhibition of Cl8 upon.the saturase reaction,

The major changes in tﬁe ffeé fatty acid fraction were in
'agreemgnt with.the observations of Mayes (1969), Whicﬁvﬁad been verified
by othér researchers, Hﬁweverp saturation éﬁd‘ﬁbt esterifiéatiOn f;te
seemed to be the cauéé of the C18 increaSe.in percentage, because ﬁo
time effect for CL8 or Cl8:1 was observed in the triglyceride oT éhOS"

pholipid fractions,

Triglyceride Fraction

The.average initial percent of each major fatty acid of the
triglyceride fraction for each diet.is 1istéd iﬁ'Tabié‘lze' The steers
fed the contyol'diet exhibitéd significantly (E“(;OS).less Ci6 in this
jffactién than thoéé fed tﬁe othér diets, Thé sfeersifed'thékCOntrél
diet élso exhibited.significantly more Cl8 than those féd the 15 per-
cent tallow diet, As opposed to:the.phospholipid fraction9rﬁonsignifi=r
cant differeﬁces wefe observed for the percent of Cl8:¢1,”

From Table 20 the change in percent of Cl5 was affected by time
of perfusion (P« ,05) and alsorfeflected a diet'ﬁy timerinteraction
(P<,01), Table 12-revealed that this was a minor acid and that the
‘;chaﬁge over time did not follow a pattexﬁ, indiqafingﬁthat tﬁe change
may have been due to an-extraneous error, as discussedvpféViouslyo‘
This type of error could also have accounted for £he significant interu
action,

It was also evident from'Table.ZO thgt there was.a.s;gnifiCant

(P< .05) diet by time interaction for Cl6:l, Betwéen 0 and 30 min of .



- a,b

.Table_lzg Least~square means indicating percent change of triglyceride fraction major fatty
a01ds over diets and tlme° ' ' :

Av, initial % of fatty acid - ‘ __Treatments _ L B ovefr
Fatty © by diets (% tallow) Diets (% tallow) - - Time interval 7 all
acid = S - T ' can .
o .5 10 15 o . 5 . 10 15 0/30" 30/60 60/90 90/120  mean -
Clt 2.9 4.5 4.0 5.8 .00 = 4% 4,25 - ,01 - ,19 - 0l + .25 +.05 + .03
C15 1.7 1.7 1.1 1.4 - .06 - .06 +.08 +.13 +.,01% - .10° + .01+ .18% + .03
c16 - 22.3% 29.6° 30.5° 31,9 .00 - .29+ .55 + .46 + 10 + .70 + .43 - 53 +,18
Clésl 5.5 5.3 4.7 7.2+ .19 4+ .16 + .28 + .08 + .10 .00 + 65 = .05 + ,18
c17 1.9 2,0 1,8 2.2 +,18 + .18 +.,06 + .09 + .06 <+ .01 + .04 + .39 + .13
18 37.8% 21.5%°28,9%P16.9° - .01 + .11 - .03 - .18 - .01 .00 - .18 +.09 - ,03

C18:1 20,9 30.0 23,1 30.4  =1.51 = .61 =110 = .40 = .75 = 61 =-1.54 = .73 = ,91 -

G822 5.4 4.3 3.6 2.3 L1h £ .05 - 46 .= 0L F .05 . .25 - 66" +.,08 -.,07

0/30 represents percent change between 1n1t1al value and value measured after 3O min of
perfu51ono T : I

Negatlve sign 1ndlcates the value measured after 30 min of perfusion was less than that at
1n1t1al t1mee _ o :

Means w1th1n major classes with different superscripts differ P-<305.

76
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Et?erfﬁéioﬁ,»the 5 and lO'percéﬁt tallow diets'exhibited‘aﬁ increasé in
"thé.percent of Cl6:1 whilé‘dufingAfhisltime intérval the O'énd 15 per-
.cent—talloﬁ diets decreaséd in the perceﬁt of this acidq"Betwéeﬁ 30
:“and.so minAof'perfusioﬁ-the 5 percent dief shbwed a'decreése of‘this
aéid Whereaé the -other diets exhibited iﬁcreases iﬁ percent of'CIGsio‘
éetWeen 90‘and 126 min of perfusion, the triglyceride fraction of ﬁhe
10 and 15 percentAtallow diets décreasedvin the percenﬁ‘bf Cl6:1; how='v
ever, the O'aﬁd 5 percéptAdiéts éxhibited little or no change in . the |
.percent of this acid during this time interval (Table 16).

o The change. in percent of C16‘was related to C18 (r = 0,53) and
highly negaﬁively associated with G18:2 (r = =,90)(Table 13). The
change in pércent of C16;l was relgted to Cl7 (r = 0,58) and C18:32 (r =
0.48) and highly negatively correlatedbﬁith Cc18 (r = ~.66). Further~
more, the change in:pérqent of Cl7 was negétively associéted to C18
(r = ~,51) while that @f C18 was highly negatively related to C18:2

(z = =.67).

it

: Alfhough quantification of serum‘lipid fractions was not
“achieved in this experiment; the results-of‘experimentS‘by othéf_re—
'searchers can be extrapolated to the data presented for this gxpgri—
ment, Hillyard et al, (1959), Havel and Goldfien (1961)?‘and Mayes
- (1969) repdrtéd that in rat_liver perfusions the amount of trigiyceride.
_iﬁ*the posteperfusion‘blood was sigﬁificantiy éreater than in’thevpren
' perfusion blood, It would, therefore, seem that the triglyceride f;ad«
© tion fatty acids in fhié_exberiment would have‘tended to show higher

3C18-and.lower C18:1 levels post-perfusion than at initial'timeav This



Table 13.

R P g,01

Simple adjusted correlatlon coeff1c1ents between trlglycerlde
fraction major fatty acids. ' :
Fatty C15 €16  Clé:l - C17 - cl8© - Ccl8sl  Cl18:2
acids ) | -
cla 0,26 0.18 0,05 = 0,08 . 0,100 - ~,33 029
c15 ~.06 0.21 0,18 ~ =-.,21 - .41 -,07
cl6 -4l =,21  0.,53% 0,02 -0 90
Cl6:1 0.58%  -,66"  -,44 0,48%
c17 - 51% .32 0,27
' c18 ) -006 . = 67FF
C18:1 0,19
% P<,05
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was not the case! The failure-to“dbser#g‘chaﬁges in the triglyceride
and phospholibid fraction fatty acids Cl8 and Cl8:1 may have béen_due -
to the fact that the time of ischemia destroyed enzymes involved in the

esterification reaction,.

Cholesterol Ester Fraction

The averagé initiai_perdent of each major fatfy acid of the éﬁo—'
lesterol ester fraction for each diet is revealed in Table 14, Therani?> 
mals fed the 15 percent tallow diet exhibited signifiqantly (P<.05)
higher percentages of Cl6:l,’ISOCl8, and CLSgl'th;n'thbse féd‘the'othéf"
diets, and signifiéantly less C1832 than those fedathe 0 and 10 percent'.
tallow diets, | |

The only significant treatment effect found in the cholesterol
ester fraction fatty acids was a’diet‘by time interaction for C18:3
(P <,05) Qﬁppendix, Table 21), From,thé data in Table 16 it was evi-
.dent that between b and 30 min -of perfusion.the 0 and 5 percent tallow
diets decreaéed in the percent of Cl8:3 while the 10 and 15 percent din
ets contributed to an increase in the percent of this acid during this
time interval, Between 30 and 60 min of perfusion, the 15 beréent_talm
low diet exhibited a decrease in the percent of Cl18:3 while.for the -
 other diets increases were evident, Between 60 and 90 min of perfusion,
the C18:3 content of the'O and 10 percent tallow diets aeCreased, whgfe—
as the other two diets céntributed to an increase in the percent of‘this
acid° _Betweén 90 and 120 min of perfusion the 0 énd.S percent tallow

diets contributed to a decrease -in C18:3 while the 15 percent tallow -~



Table 14,

Least-square means indicating percent change of cholesterol ester fraction maJor fatty

. ac1ds over diets and time,

Av.initial % of fatty acid

s

perfusion,

2 Negative sign indicates

at initial time,

agb

0/30 represents percent

change between initial value and value measured after 30 min of

the value measured after 30 min of perfusion was less than that

Means within major classes with different superscripts differ P~<5005°

_ _ Treatments Over-
 Fatty by diets (% tallow) Diets (%'tallow) ' _Time interval all -
acid . o 5 10 15 0 5 10 15 0/301 30/60 60/90 90/120 mean
Cl4 1.3 1.6 1.8 2,1 -,05° -0l =,01 =,06 25 =.43 +,13 =09  =-,03
IsoCl5 0.5 1,1 2,0 1.3 +06 .00 -+.04 =-,04  +14 =-.16 +10 =.01  +02
c15 0.9 0.8 0.6 1.0 +,01 =04 -,03 +,01 +,04  +,11  =,15  -,04 -.01
16 7.3 9.3 6.9 10,6  =,14 .05 =,19 -,19 -0l =63 .00 +.18 -12
1651 4.8% 5,97 6.6% 15.6°  -,16 .00 -0l +.18  t.lb  -,1& =06 -,05 . -.02
IsoC18  0.5% 1.2% 0.9% 4,4°  -.01 00 06 =016  +,05 =,19 13 =,13  -.03
0.8 0,7 0.6 0,9  =-,10 =,06 =,04 =,01 +,08  =,36 +.04 +.06 -.05
c18:1 7.5% 10.8% 9,5% 23.8°  -.13 406 +.11 406  +.08 401 11 -,09  +,03
cl8:2  67.7% 55,9%63.8% 33,00 .74 .64 +.30 K11 £19 406 -.28 481 +.45
20 2.5 1.8 1.8 0.9  =.03 =-.06 00 +.08  -,15 +.38 -.08 -,14 = ,00
C18:3 2.7 2.3 2.0 0.9 =.25 =18 =.03 +.15  =.05 +,08 =.,10 -.23  -,08
C2034 3.2 6,1 2.8 5.0  +.19 =15 =,23  =,11  -,21 +,08 --,05 -,11  -.08
1

IRTI
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;diet ihcreased'and ﬁhéflb percent -tallow diet éxhibited‘ﬁo.chaﬁge.in.
‘the percent of C18:3, o | e :

:  Tab1¢,15 révealed‘that the changebin the percent-of Cié'was
correlated igith C16 (r = 0,52) and highly corfélate.d -wit‘;h:'ClS' (f =
0077)uané c18 (¢ = 0370) ﬁhile Beihg‘negativély felated ta ééO (r.=1 :
=,50) and C18:3'(r_= =°4;/)a The change in'pércent of'isoCl5 Wés cofren

lated only to IsoGI8 (r = 0,55) whereas that of C15 was ,aé's'cciatéd |
with Ci8_(r'= 0,51, The_change in percent of Cl6_wasvhighly related
to C18 (t = 0,69), negatively related to 018:37(r =.;;47) and ﬁighly
negatively correlated with C18:2 (r-=-.79), Thevchange in percent_of'
Cl6:inas negativeiy associated with Cl8:2 (r = -,55) whiie tﬁaﬁ of
iSoC18 was éorrelated With'CZO.(r = 0,54), Fﬁrthefmores'the'change'in
. percent of Cl8 was highly négafivély related to C1832 (r = =,71) and
C18:3 (x = =';66)e Ip>genera1§ the relatioﬁships among the saturated’
“fatﬁy'acids which Wére significant in this fraction were positive,:
:while thekrelationshipg between the saturated_énd-unsaturatéd fatty 

acids were mnegative,’

Conclusions

This experiment was designed to inyestigate the fuﬁqtion of'théAAb
livér-in the.qualitative changes in theimajér fatty acids of the égrﬁm
- liéid énd*serum'lipid fract;onsa ‘The steers.uééd in this experiment
Wefe,fed four levels of taliow in diets for a 170~day feeding period.
It was bélieved that, i€ liVer enz?mes‘sysﬁems were responsible.for aﬁy

changes in the fatty acid profiles in the serum, the 170-day féeding:v



Table 15. Simple adjusted correlation coefficients between cholesterol ester fraction major fatty

acids,

. §2§§Z'< IsoCl5 G5 Cl6  C16:1 IsoCls 18 Cl8:1 Cl8:2 €20  Cl8:3 2034
c4 ~ -.08 | oq77** 0,52% 0,12 =obh" 0,70 0,21 - =~.42 -.50%  -.47% 0,27
IsoCl5 -.35 0.36 0.46 © 0,55% 0,05 0.00 -;33 =317, =31 -,28
cis5 10,30 =.29 =42 0.51%  -,03  -,17  T-,260 -.260 0,20
cl6 | 0,37 0016 0,69 0,21 -79%F .12 a7t 05
cest ' 0.42  0.36 0,06 - =,55° 0,09 . -,22  =,27
IsoC18 SR | a -.09 =37 =4l 0,547 0;31. -.36
cis | o o - 0,37 ST 04 66t 0,17

c18:1 ', o ‘ | | | 26 =20 stk 0.2
sz o o C o 16 0,27 =4
o AU e R SV SR T

___£}823f~zAf‘j T e R o - e R

T P<.,05

TpeLor
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‘ Table 16, Significant time by'diet interactions,

Time x diet Mean s

Time Diet W PL  FFA TG 16 . CE
interval (%tallow) Clésl  C18 - C18 C15 Cl6:1  (Cl18:3
0/30 0 65 465" 411.65% 4,05 - .40 - s
30/60 0 -, 15" .~_,50bc + 1,70b.: - 1%+ .65 + .40°
60/%0 . 0 ra65® +1,90% - ,50° k350 410 - ,20%
90/120 0 107 -1,00% - 4.55%  -,30° 4 .40 - 550
0/30 s 205 ' = 1357 4 4,65° -.40% 4,557 - 45
30/60 5 <15+ .55%° 4+ 10P° -,05°  -1.25% + .10
60/90 . 5 00 = .60+ 2,20%% -.30°¢ +1.30% + .25.
90/120 s +.05  +,95% - 1,70°  +50% + .05° - .60
0/30 10 +,25% .50 +5.95% 4,05  + .55%0 + ,35°
30/60 10 -.50° - .35 4 .55 4,20  + ,25%° + ,552
60/90 10 +.45% + .20 + .60° +.05  + .70% -1,00°
90/120 - 10 - 15° - .10 00% 00 - .40°  ,00°
0/30 - 15 +,25% + .85%  + 25653_3 1455 - .30+ .55
30/60 15 co5s® 4 .35 410850 o40° 4 .35 - 750
60/90 15 +,05% 1,05 - 1,85°  -,05° 4,50 + .55°
90/120 - 15 +,40% - ,25%° - .10 +.50% - .25 + ,25%

1Means within a diet group in a column with different superscripts
differ at-P<,05, - o , o
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period would”be.of sufficient‘length’fdr differentiation of.livefleﬁw
zyme systems caused by'the diets,

As previously discussed,  the only‘diét'effe¢t on liver funétion_
in_relaﬁiou-to changes in fattyiécid'perceﬁt was obéeryed in-fhe'phés~ :
pholipid fraction for Cl6:1 and 018:2; The diet'effeet on‘livef fuﬁc~
tion for the change,in peréentAof Cl6:1 was eviaent9 But‘an explanétioh
fof the decfease in 618:2 caused by the coptrol diet was noﬁ apparent° 
High leveisnof 618:2 in blood 1i§ids.were'repofted by Moore9 Nobie9 and
. Steele (1968), Leat and Hall (1968), and. Moore, Stéeie, and:Noble-(l9é9);
As in.this expefiment9 the greatest pefcéntage of.fhe C18;2‘was ésferi;
fied in the phosphblipid'and choléstgrdl ester fracﬁiOﬁsgr The hmouﬁt-,
of'C18:é.present in depot and.intramuscular fat has‘been“repoftéd tO»ge
very low in'tbtal fatty écia percentage by Shoflandl(1953),'ﬁornstein»
et al, (1961), Ostrandér and Dugan (1962), O'keefe et ale-(l968), ana
Dryden and Marchello.(1970), Since mno diet effebté fof'the 54 iC, and‘
15 pexcent tallow diets were significant, it can be concluded that diet
effect on liver function was minimal in relation to all of the fatty
acids studied, It can also be concluded that the liver, as‘Stﬁdiéd'iﬁ
this experiment, is ﬁot the major source‘or‘cause of'the.reduction of
the percent of Cl8:2 of serum lipids béforé the deposition of these’ o
lipids in adipése tissue and intréﬁuscular fat, . - R

Daté revealed thét the percent of tallow in the diet %asfré~'
spoﬁsible for soﬁe effect which signifiéantly feducedjthe-pérégﬁtvof..-
C18:32 in the whole serum lipid and the phospholipid,aﬁd cﬁglesterolf" 

ester fractions of the steers fed the 15 percent tallow diet, ;ThiSf
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reduction in the.pérceﬁt Qf Ci8i2 was apparently aééounted for at somé 
" body site other than thé iiver?]iAdiposé tissue can accoUﬁf for a large
‘,percentége of synthesized fatfy acids under experimental conditions
(O'hea and Leveille l969>;'and'thisrtissue site may be very active in
desaturating C18:2 priortto_ité‘deposition, if desaturation is the rea;
son for its low concentration in storage lipids, |

| ' The fatty acid percentage of constituent lipids ofvmicroofganw'
isms in the rumen could accouﬁt for some of the serum lipid differencés
reported for this énd'other experiments, Tove and Matrone (1962)4re~
pértéd definite morphoiogical diffefences iﬁ microorganisms in the
rumen of shegp fed purifiedrdieﬁs‘as opposed to those fed héy—grain oé;
grazing,diets° | |

Blood glucose lévels'wefe'meaSured during the course of each

'-pefquiong The levels at initial.ﬁiﬁe'were.muéh higher than those
‘ ﬁound normally in cattle, and this fact was attributed to bre-élaughter
excitation, During perfusion; significgnt increases in blood glucose
levels were revealed, suggestiﬁg that glucose was available for catabo-
lism for energy. It was concluded fhat'most likely no more fatty;acid
catabolism for énergy oé;urred for the in vitro livers in this experi-
“ment than for in vivo livérs;_ The tallow levels in the diets may have
affected the amount of glycogeﬁ that was capable of being stored in
the livers., Also, if the'steers fed the'higﬁer percent tallow diets
oxidized a larger %elétive pefcenfagé of fatty acids for energy utiliza-
tion, a larger relative percent;of'glyqoéen would have been degraded to
prevent ketone formation, Both éxPiana;iéns could account for the diet

N



f62: AT

effect observed fbr the»blooé glﬁébse ievelsAat iniﬁialﬁtiﬁe-aﬁa during
perfusion, | | | N | o
The most significant'time effe;t in- the perfusions:of the 1iVers'
was the increase in-peréent of CiS and the decrease in pérceﬁt of élé;l
in thelfree fatty.acid fraﬁtioﬁ, This increése in- C18 pefééntage ap-
peared to have been the'result ofvaVsaturase énzyﬁevsystem; This satu-
ration effect seemed to ﬁave been a true effect because it was appareﬁt
for all eight livers in this experiment., |
The -physical size of;the steers, the nature of the excision,-and
the required pre=treatment of‘the blood made it extremely difficult to '
initiate perfusion in less thaﬁ 12 miﬁ aftér»stunning of the stéersa
The fact that the livers were ischemié duriﬁg,this period may have ad- -
versely affected.some of thé enzyme systems which could have inflﬁencéa
the fesults of this experiment, Howgver, the effects caﬁsed by - ische=
mia were probably'réducedldué,to the internal rinsing pfocedhre'usingi-
.oxygenated physiological saline, Althougﬁ changes'in fatty percéhtages»
weré observed dﬁringuthe 2 hr which constitutéd eéch perfusion period,
lengthening the perfusion fimes_éoﬁld have prodﬁced:greater,changes in
these percents, It appears, however, that some other tissue site, méét
likely adipose tissue, is the source of the major qualitative éhanges.

not accounted for by liver function found between serum lipids and

depot lipids,



CHAPTER V
. SUMMARY

Thé liveis from eight steers fed 0, 5, 10, ;nd 15 percent tal-
low levels in diets were perfused with the defibrinated blood from the
same animal from whicﬁ the liver came. The perfusions of the livers
ahd the opeiation of the perfusion apparatus were judged to have been
good,

The percent changes of each major fatty acid of thelwhole serum -
lipid and the serum lipid fractions were coded to positive values to .
simplify the analysis of variance and the interpreﬁatidn of the re-
sulis; The only significant effect of diet was observéd‘in the phos;

. pholipid fraction for the fatty acids Cl6:¢l and C18:2, The 0 percent
talloﬁ diet caused a significant (P<,05) decrease in the percent of
both .acids o&er all time intervals, An explanatiéﬁ for the redu;tiohA
in percent of Ci6:l was evident, but an expléﬁation for thé decrease in
percent of C18:2 by this diet in this fraction was not clearly evident;

The most signifiéant change (P<,01) over time of perfusion oc=
curfed in the free,fatty acid fraétion between C18iand Cl8:1, During
the first 30 min of perfusion a 6,2 percent ipcrease in‘Cl8:éqrresponded‘ )
to-a 6,2 percent decrease in Cl8:1°.,The correlation coéfficient for the -
change in percent‘betwegn the two acids between O and 30 min of.perfu4

sion was highly significant (r = 0,76), A saturase énzymé'systemAA
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'_éppeared to be ‘the most plauéible explanation‘for‘the.felatioﬁship:of
tﬁese two acids, | I

Since no significan§ changes in percéﬁt of eiﬁher Cl8 or 618:1‘:
in the triglyceride fraction or phdspholipid'fragtion were observed, it
was apparent that the esterification.rate was not'responsible for #he-,
time effect observed for these two.acids inlthe freérfétty acid frécf |
tion, The possibility of enzyme destruction.gy the total-timé of is~-
chemia may have been one explanation for not havingrobserved any sighif-
" icant C18 or Cl8:1 éhanges in the triglyceride or phospholipid fréctiono,.'

Other minor changes in the percent of specific fafty aéids were
observed in the lipid fractions and the wholé serum lipia, Somé of‘
_thése changes may have been spurious because of the greater degree of
error associated with mino; acids caused by the lack of-chromatogranﬁ'
peak magnitude,

| Correlations between the change in percent among fatty écids in

each fraction were observed, .Correlations-of fatty acids which re=- -
vealed major changes affected by treatments were specifiéélly &isgussed

- in relation tO’the'changes observed,



Table 17. Méan squares for whole serum lipid major fatty._'acid‘sa

APPENDIX

- MEAN SQUARES

Fatty

SouTrce o f vardiatdion

.016

acid Diet Time Diet X time Exror
32 3 _ 9 16
cu 1,004 ,091 086 106
Cc15 .007 435 .128 169
c16 .090 3679' 746 641
Cléesl ,035 461 ,221% 059
c17 012 .131 ,061 .045
ci8 " - ,094 .911 337 .417
.C1831 . 046 627 1,097 .863
C18:2 ,708 971 1,505 1,816
C18:3 .075 .453 : .346 .168
c22 081 428 376 331
czo{a 1,380 1,200 2664

a Degrees of freedom

L oale

" P <L.05

wloals

" P<,01
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‘Table 18, -Mean squares for phospholipid fra¢tionLméjorifatty aéids;
Fatty : Sour cve v.é r i ? tion .
acid Diet Time Diet x time Error
3a 3 9 16
Cl4 013 071 ,087 .068
c15 0122 - .054 - 3 01557 f1;;064'r
ci6” 1,323 228 .608 | 338
cl6sl 49,764% 2174 00537 12,440
7 .084 064 064 J121°
Ccl18 . 119 .387 10878*7 .;612
c18:1 - .212 .188 _aiOZ | ,2901
C18:2 3.032% 488 713 ;,578
€22 222 027 '0176 158
C2034 1,035 ,283 559 Co56

a Degrees of freedom

ols
AY

P <.05



" Table .19, Mean 'squares
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for free fatty acid fradtion,majof fatty acids.,

S .c22

%

Ex

Degrees of freedom
P<005

P<,01

Patt ; __ Source of variation
acidy Diet Time Diet x time Error
3a 3 9 16
cl4 116 .146 . 234 1.112
cl15. 015 - .163 144 174
- C16 357 5,533 4,214 3,593
cr6sl . 134 674 0 .982 .696
c17 .075 .903% L .353 .236
Cl18 3,134 90,603%% 14,361%% 3.450
c18:1 - . 1,576 740236 4,465 3,063
ci8s2 . . - 1,123 2,578 2,257 3,243
- .046 2.221%% 527 341
C20s4 554 1,045 L7920 2389
a
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Table 20, Mean squares for triglyﬁeridé fractio_n majo'r fétty acids,
Fatty = Sourc.e \.fari.at_ion
acid iet - Time Diet x time Error
32 3 9 16 -
cl4 .0211V' .261 454 .785
c15 064 103% L2538 .030
c16 1,211 2,223 1,788 1,448 -
Clésl .054 .833 .895% °2§9
17 .028 248 BRALE 241
c18. 1,994 1,445 2,302 2.411
c1811 573 1.304 3,722 1.915
1832 781 1,206 1,977 2,811

2 Degrees of freedom

1.
w

o

P <.,05

T P<.01



Table 21, Mean squares for cholesterol
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ester fraction major fatty

acids.
Fatty . Sour c e o f v.acr i;a t‘i on
acid “1et Time - Diet x time Error
32 3 9 16
Cl4 005 .698 625 .288
IsoClSvr ,015 145 _'91;6 | 107
c15 1,005 ,100 L1555 < ,225
16 102 981 412 .373
cl6:l 168 L106 399 T
IsoC18 062 171 174 : .128
Cc18 011 .356 .089 127
cissl .088 .061 o547 | - L670
Cl832' .678 2,936 3,310 - 3,989
€20 ,020 .500 613,308
C18:3 2250 2123 .792% 2239
Czo:4 .263 L116

.632 - : T 0384

a Degrees of freedom

© P <,05
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