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Nutritive Properties of Lard and Other 
Shortenings I 
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[NTH00UCTION 

Lard, togethcl' with cOll1mercitll shortenings consisting wholly of 
vegetable {iltS 01' of mixtUl'(,s of n·getable and 11Ilimal fats, constitutes 
a cousidentbl(, proportion of the fllt in the diet of the people of the 

'.1 United Stales. 11Iiol'lruLtion reglll'ding the llutritive properties of 
~ these products should th(,l'eforc be of interest. Tll(' ilvernge ll11nual 
~ P('l' capita consumption of thesc typcs of ShOr:tCllillg for the period 

1931-40 WI1S ns fQllows: l Lunl, 12.4 pounds; and compounds (mL\:-
Lmes of vegeLnule and nnimnl fnls) nnd vegetable cooking fat.s, 10:2 
pounds. The per capita consllmption,of Inl'd l'll.llged from 9.6 pounds 

-. in 19:35 to 14.() pounds in H)'lO, lind that of compounds nnd vegetable 
?, fats rnngeel from 7.5 poullds ill 1\)32 to 12.4 pounds in 1936. 

In It previous publication, Hoaglund Ilnd Snide]' (3) reported the 
['eslLiLs of l'xperimeuts with rllts to delermine Lhe nutriti\Te properties 
of sevcl'fil.kinds of lard, 01('0 oil, cottonseed oil, hydl'Ogellllted cotton
seed oil, nnd peanut oil. l\fnterinl dilrerences WCl'C found in the nutri
tiv(' properties of cel'tain fats when they constituted 5 and 30 percent 
of the diet. No consistent relntiollship was Obs(,l'ved between the 
melting point or the chemical composition of 11 fat nnd its nutritive 
properties.

Tbe writers (4.) also compnred the llutritiYe 1J1'opcrties of lard and 
hydrogellnted cottonseed oil, in experiments with rats, when the diets 
contaill('d 5, 15, 30, and 54 percent of fat. Lard wus found to be 
superior in growth-promo ling properties whell the diets contl1ined 15, 
30, anel 54 percent of fat. 'l'he digestibility of Il1n\ WIlS higher at all 
levels of intake. 

'Submitted for rmbllcntlon Nov. 6, IIHI. 
'U),:ITEIl SToHES Ilt'ItKAU m' AGftl~UI.TUIt.U. ECON0111C8. TilE FATS .lNO OILS SITU.lTION, U. S. Dur. Ay.r.

r:cono,uicsFOS-IG. )7 PH.. lIIus. 1040. [Processed,] (Unpublished data for 1940 were supplied by that 
Durcnu.) 
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The purpose of the experimcnts hel'cin reportcd was to determine, • 
by the use of young male nlhino mLs, the gl'owth-PI'OlllO(;ing values and 
the digestive coefficients of well-known brands of Itu'd, vegetable 
shortenings, and mixed v('getn.blr nnd animnl shortcnings. The vitu
min content of the sitoJ't!'lIings was not detelmined, but Ildequnte 
quantities of the esscnl1nl '11tnmins were added to the diet;s. The 
results of these experiments slIpplement thosr previously reported by 
L.hc \\Titers (3, 4) on the Hutl'itivc propel,til's of cprtnin 1l11imnl nnd 
vegetn.ble fnts. The present experilHrnts W(,I'(, ('omi1lcted dllil'lIg 1039
40 at the Unit{'d Stlltes Depiu'LmclH. of Agricult1ll'1', Bclt~willn Re
search Celi!:er, Brlt.sYiHc, :Md. 

SHOHTENINGS USED AND METHOD OF STORING 

Four lots of lUi'll, eight lots of vt'getnble shol'{'C'l1ing, Ilnd fi\'e lots 
of Yl'g('tIlble and IIni)1)nl shortening wel'(, us('(I in Ull'se experiments. 
Enel! lot repl'rSell ted IL well-1m own bl'lllld commonly found on tho retail 
market. All but t,wn lots W('I'(' obtained tiil,('et froll! the lHanufllcturers, 
and the others w(,re purchased 011 the opell mnrkct. Detailed in
formntion eOll(,f'l'l1ing the mdhod of mmnlfaetul'e of each shor-tcl1ing 
wus,not fi,Tllilnhh-, but the .fr:t'llluins for most of the pl'Ocluct.s arc shown 
in tubl£' 1. Hydrogellat.ed vf'grt.nble oil No. 4025, which was pllr
chnsed in setlit'd. I-poUTld tin ellllS, wus stored III 1'00111 tempernture in 
the original contnillers. All other Jots of short('ning were tI'/lllsferrecl 
to gloss j nrs, which ~WCI'f' l'('nl('(1 to exeiude air H.ne! stored Ilt a tempel'
attire' of nbout 4° O. Aflt'l' It jnr hud been opelH'd find n part of the fat 
remo\T(~d, the nil' Will' l'C'plnC'ed by l11trngl'11 nnd the jill' wns scaled. 

T .... nr.t~ I.-Formulas Jor s/wrl"llillgsllser/ in e-.J:perilllcllls with rats 
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I ~'he Inbel Indientod (hill 11* I'r(~IIH'~ r(IIlSisierl of hyrJrogNlllt.'d \,cvl'tuhli' oils, bill their identity Wll.';
nQt disclosed. 

DIETS 't'ED 

Eueh lot of shortening was ineorpOI'H.ted in it diet, otherwise ItdcqllaLe 
for growth, in tll(' pl'Oportiolis of 5 and 15 pel'c('nt by weight, corre
sponding to aPPl'oxill1flLciy 12,5 and 32.5 percent of the lotul energy 
value of the diet. Vitnmills A lind D, eqllivlllent to 2 pCl'ccnt of cocl
liver oil, wel'c uelded in the form of all etber extmct of saponified U. S, 

• 
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NllTRl'l'lYE .PROPI!lR'L'IES OF LAHD AND OrRER S1HOR'I'E':~TNGS 

p, cod-liver oiL Wnt.er-soillbll~ vitn.mins WNt' ndded in tbe form of u 
commcl'cinl cOllecnhl'H,tc prepare(l f('oll1 y('nst.. This ])l'ocluct was 
stated to c.ont!Lin 24013\ and GO B2 Siwrmallunits per graHl. 'l'he snIt 
mixture was made up ns pmviously described by the writers (3). 
U. S. P. (\(oxtrose couLiI.ining app('oximn.tdy S per('C'nt of water was 
used. Commcl'ciil.l cnsPln WIlS eXll'!ldcd. with ether [or about n. week 
until it wus pL"flC"ticnlly fr('(' from ethC'r-solublc l11ateriill. Ench diet 
was millie up in 1,ilogrnm qunntitiN; illld was stored in covered glass 
jnl's at nbou( 4° C. 

'1.'.11\\,\': :!." ,Forllwl(ls /IJr diets ftd 10 rul.s 

In eflk\ltr~ting tilt ('l\('rg~' \':lIt!(,~ or lhl' tlil'tt-\, tile following fn.ctors 
wcr(' Ilsl'd: Pro Leill, 4; {·;lrbolt.\'d ralC', a.75; :tI1d fal, 9 Calories 3 per 
grnm. Till' fndor 3.'i~i \\"tl~ ll~('(l fot' eltI"bohydmLe since it cOJlsisted 
nimosL t'lI.tiI"!'h" of dcxlro~('. Casei11. yenst ('ollcentmte, iLlld sn.it 
miXture were' ttdclf'd in such pruportiOlls f.hrLL l'neh bort' npPl"OxinmLeiy 
n eOllstanl relu.tioll to til(' totni (,11('rgy ndu(' of tile diet, rogardless of 
t!.,,j proportion of fat prl'~('I1t. ('lIsein [ul"ni~hed u.pproximH.tely 20.6 
percent of tue energy ":11\1(' of till' did. The fOI'Uluiu!' for the diets, 
induding lhe fn,l-frc(' dil'l thal ",us fed Lo cneh nt( in order to deter
mine tu(> qUfI.llLity of lIIl'labolil' fa( t'x('rdcd, I,1,['C showll in table 2. 

I.;XPI·:IU \1 EJ\TAL PIWCEDUllE 

Two series of growth l'xpcrinll'llls \\"l'!"e conducted, one 'with diets 
containing 5 portellt of fnt alld (hc' other wiLh 1Ii percent. Only 
experiments with dicts ('ollln.ining till' sn.IlH' jWl'l'l'lllnge of fal were 
conducted ILL Ollt' tiIllo.l~n('h dil'l was fl'd for no da.v:; to eight male 
albino mts wt'ighing npproxilllllU'I.v ·W gn1. (':Lch :wtl not c~weeding 
28 UlLYS of ngC' ILL the beginnillg of Lt\(, PXIWrilll(,lIt. Hats from din'crent 
litters were t\islriblll('d as (\\'l'lIly n~ PI':I.di<.'able lLlllong Uw groups 
recei"ing the difrcrclll shorll'llillgs, E:Ldl I'll ( wns kept in all indi
vitlun.l (,i~gC. which was j))"oyi<ied with n, rtli~('d sereen bottom, 11, se1£
fecdcr, and a drinking Y('sse\. The bottom of the cage was ('oyered 
with blotting pa.prl', Ha.l S '\'('\"(' w('igilt:'d twiee' w('('kly, llnd :t rccord 
was I_cpt of f('('(1 ('ollstllll('d. 

Digestion l('~ls W('I\' ('(l1\dll('l~'d wilh sis rn ls 011 en.clt diot, usunlly 
after the CXpel"llncnt llUd bet'll 111 progrt'SS about liO dnys. All feces 
from ench mt~: 0.C' collecLed for 7 days, n.ml the quantity of fced con
sumed during the samC' pcriod \VIIS weighed. rrhe fcces were dried 
to a constant weight M 100° O. The quantity of fn,t consumed was 
cll.lculaie(\ f/"on~ the' qUlLntity of foed en.len iLnd the pcrcel1tn,ge of fat 
added to the (\let. 

, 'I'bo term "C'nloriu" ns usc(1 lu this puper denotes Lho kiiu~~rulII·Clllorie. 
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The quantity of fat excreted was determined us follows: Approxi
mlttely 2 gill. of dry feces WitS weighed into a ~OO-cc.E~lenmeyer flask, 
and 25 ce. of 30-percelll' potassium llydroxlde solutIon was added. 
The mi.xture wns heated 011 a ste!tID Dath until the feces were disin
tegrated, when 50 cc. of 95-percent ethyl alcohol was added, and 
heuting wits continued until saponification was completed. The con
tents of the flask werc transfeiTed to a 500-cc. separatory funnel, and 
a slhrht excess of concentrated hydrochloric acid was aCided. 'When 
cool;- the contents of the funnel worc extracted twice with 100-ce. 
portions or petrolell1ll ethel' to remove free fat acids, and the extract 
was tl't!nted with water to remove hydrochloric Il.cid. The ethel' 
extract wus tnHlsferred to a tared 300-c·l'. Erlenmeyer flask, which was 
placed on it stearn bath un til the ethel' lind evaporated. The flask 
wns dried to constnn1, weight itt 100° C. Tho quantity of glycerides 
wus calcuhtted hy multiplying the qun,ntity of fat acids by 1.045. 

~Jotn,bolic fa\" in the fee(ls WllS de\"ermined as follows: At the end 
of the 60-day experiment, en,ell rilt 1rom which feces had been saved 
for n,nnlysis was changed to the fat-fl't'l' dil't. Afler a prelimilHtry 
period of ttt knsL 2 (\n.ys to permit eX('l'()lioll of f('('cs from the previous 
diet, the feces were saved for 7 tln.ys. '1'1It' fcc(ls were dried to ('on
stant weight tit 1000 C., B,nd the fat eon tent WlLS determined as 
previously desel·ibed. 'rho percentage of fn,t in the feces of a rat: 
while on the fn.L-frce diet wn,s cOllsidcl'ed to be metabolic fat, and this 
figure WitS lIsed in ('orrecting for the mebtbolic fat in the feces of the 
same mt in til(' (lL'O\'ious digestion CXI)('!·imenl. 

The true digeslibiliby of eltch shortening was cnlculMed in tho usual 
nUlnnel' after mnking ('ol'l'oction for thC' quantity of metabolic fnl 
excreted during the digestion lest. It WHS nssmllcd thnt each rat 
excreted the sallle qUttlltit,y of metabolic fnt in proportion to nonfat 
dry mntter HS wllell it wns fed the fat-free diel. 

'1'he following' methods of analysis wow Ilsed: The iodine number 
was determined by tli(' lIn-nul'; method Imd Lhe melting point by the 
cnpillnl',Y-tubc method (1). The thioeyttllogen llumber was deter
mined hy the method of Kaufmann (0). A 0.1 N solution of thiocy
nnogen in pure n.cetic acid, whiel! had been distilled over phosphoric 
anhydride, was lIsed, An ex('css of 100 to 150 percent of the reagent 
was· nddcd, and nbs(II'ption was conducted for 24 hours in the dark 
n!, room tempct':LtUI'O (nbout 25° C.). The percentages of oleic, 
linoleic, lionel total saLumted fat acids were cnlculntecl from the iodine 
lU1d thjo('.YtLnog~n llUlllbcl's by the fonnulus given by Rass, Lund
borg-, nnd DIIlT (5, 1J. 53). 

The uusaponifinhlr matter was determined by extrnction of tIl(' 
snponified fltt or fM acids with at least three 100-cc. portions of pe
troleum ethel'. The extraction was em'ried on in It 500-ce. separatorv 
fuullei. The ether extract Wll.s washed with water, transferred to It 
300-cc. Edenmcyer f1n.sk, and ttHer eyltporntion of the ethel' the residue 
was dried at 100° C. ' 

Cholesterol WItS determined in the uusaponifiuble matter by precipi
tation with digitonin fi.ecol·ding to Il method described by Ewert (2). 
The method \\'lIS LCflled with pure cholesterol, and excellent results 
Were obtn,incd. 

Statistical nnillyscs were made for Caloric intake, gain in woight, !md 
digcsti\'c cocrlicicnts. l '1'0 determine the effect of the variety of shol't-
l.Acknowledgm~nL i. mnde to 'I:cnltc O. Johnson, (ormcrly or tIIc Animal llusbandry Division oC tl1\' 

Bureuu or Anlrnnl Industry. ror tilt' stllL/sticalllnnlyses or lho dutu. 

'. 
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-. 	 ening independent of feed intake, a correction of variance and means 
for linear regression of gain as l'datecl to Calorie intake was made by 
the method of covariance (7). By this method the gain was corrected 
for correlation of gain with feed intake based on the average within
shortening variations. A relationship of gain with Calorie intake 
different from the average that is peculiar to a particulal' shortening 
would be kept in the data. 

EXPERIMENTAL RESULTS 

CUEl\\lCAL Co~rposlTroN OF SUOItTENINGS 

Data on the ehemicnl composition of the sevel'lll kinds of shortenillg 
used in the present experiments nrc presented in table 3. The table 
shows no consistent relatiOllship between the perccntage of saturated 
fat ncids in a shortening nnd its melting point. For instance, the 
percentnges of snturn,ted fat ncids ranged from 29.6 in vegetable and 
nnimnl shortening No. 4034 to 55 percent in the same type of shorten
ing No. 4031, but the melting points of the two products were similar. 

TAllJ,E 3.-Composition of silortenings 'IIsedin !.'xperimcnts with rats 
-

Labom· Thiocy· Saturatccll\[olling Jodinu 	 Oleic _ LinoleIc
Shortening used tory 	 anogen rlltpoint ntunber 	 acid' ncid • NO,I 	 nUlubcr ncitls'l 

00. 	 Percf.1Jl P~Tcent Percent 
402i 46 61. 6 52.5 42.0 47.7 3 10" 3 
4041 40 69.2 53.2 :\5.6 5!.I) 112. 5 

Lard••••••••••••••••••••••••••• { 	 -11142 H 65.1 54. 9 :lU,:\ -HI. 1 311. 6 
-I{)28 flO 56.2 -1,.0 48.1 41.5 310. 4 
4025 48 Oa.7 55.0 :lU.l 51.0 9.!) 

·10211 -17 110.7 liD. a :14_ 1 31.4 3-1. ,5 
-1030 53 81.3 57. \ :li•. \ 35.1 27. ~ 
,10:12 55 is. 5 48.9 Hi. 7 19.7 33.1 

Vegctnhh' ~horll'nin~ .•__•••• , •• 40:1:1 5') 100.2 110.4 :li.4 24.2 ·3S.-• ·was fin 92. U 57.5 37, -I 22.4 40. 2 
-Ioao :19 il. I 50.0 ai. fj 40, ° 16. 5 
-IO:1S -1(; 8\1.2 57.8 30.9 27.5 35. 6 
402!J 43 i5,4 55.8 3S. i :10.1 22. 2 
-IO:U 4i !lO.l 4O.\) 27.7 17. 3 
40a,1 tl7.1 1)-1,4 20.6 33, it • 3i. 1 

55. ° 
V ~"'bI. •~':~ ::".~'~!.~~~::.:: .1 	 ,10:17 504,; I .:;8.6 as. 2 29.18-1.2 :1.>. i 

40a9 ,15 71.3 04.7 :1Il.S 41. -I '18. s 

I TIm rormuln ror CIlch or tIll' shorlcnin~s Is given in tnble 1. 
• K~p ..csscd ns perccntago or tolnl rllt acitls. 

'~[IIY IndudQ II smnll proportion or Ilmchidonlc Ileld . 

• ~rny incllld~ II small proportlQn or linolenic llcid. 

With the exception of pnrtiall}T hydrogenated cottonseed oil No. 
4025, th~ ycgetllble shol,tcnings and the vegetn-hle and animnl shorten
ings ('ontuilled much higher percentages of 1inoleic acid than any of 
the silmpIl's of lnrd. 

Tlll' reilttionship of the composition of the shortenings to growth
promoting ,'nlucs is discllsscd lntcr. 

GltOWTII·PnO~\ol'ING VALUES 01<' SUORTENINGS 

The growth-pl'oll1otillg ynlues of the shortcllings nrc shown in table 
4. ThC'l'c W('I't' eOllsiderable differences between the avemge ul1nd
justcd gnills lI1nde by the ruts fed ccrtnilllots of each type of shortening 
at cnch Im'el of fnt illtltko. HowC\yer, these data alone do not provide 
all aC'CUl'llk menSlIl'C of the rclnti\Te growth-promoting values of the 
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different lots of shortening, because the l'ato of growth is affected by • 
the feed intnke, For oxnmple, among the rats fed the diets containing 
5 p~rcent of lard, the largest unadjusted gain was made by those 
receiving lard No. 4041, and the smallest by those fed lard No. 4027, 
the difference being 33 gm, Tho relative feed consumption of the 
two groups of l'ats was in tho same order. However, when the gains 
were adjusted to a common foed intake, the differ'once in gain was only 
8 gm., which is not significnnt. Other similar examples may be found 
among the unndjusted gains. FOI" these reasons, only the adjusted 
gains wero lIsed in comparing the relative growth-promoting vnlues 
of the d)1l'erent lots of shortening. When fat constituted either 5 or 
15 percent of the diet, a difl'erence of 15 gm. between the nverage 
n.djusLcd goins is highly signHiclUlt, and ill order to simplify the 
discussions, only sHoh din'erence's Ilro considered. 

'rABLE 4.-Aueruge growlh-promoU'ng vlJiues of diets conlutmng 5 and 15 percent 
each of d£jJerent sllOrlenhl(Js u1llcn fed 10 male rats for 60 days 

Gllin in we/ght-

Intnk" of diet 
contnining- unadlmted. Adjusted' on diet con'on diet con tainingI.abo taining-


Shortening u.q(l<1 
 rgJ-g,rr -----;---·1---,....--1·--....--;-.--
I' Average6 per 15 per 5 pN- 15 per- 1 5 per- 15 per- of 5 atul 

cent of cent of ccnt vf', cent of I ccnt of cent of 15 pcr· 
fat fat fat I fat fat fat cent of 

, 	 fat 
-----_._------------------------ 

Culorir..'f Cu1orie.'i 0101113 GTam~ Gr011l3 Gram.! GTfl11l.t" 
·1027 2. 917 I :1. alii 220 280 245 i 2.';4 21iO 
·1011 a, 177 r 2. !H8 202 2iH 2;'3 2f.o 257L dar •. -............... -......... 4(l.12 \ Z.OS5 \ :1.231 231 2fH 241 251 246
{
-2IJ.:Is\~~r,gl~~~~~,~ 


Average••••••••_............ '~4015~ ~:.~~~: ~: ~~ ~~_ ~~:_ ~~~ ~~i ~: 

40211 2.8;1:J I :1,202 221! 258 245 242 24·1 

40ao 3.007 3,380 Z14! 2f,s 242 241 242 


.'. ·1032 3,Oli7 3,011 245 I 241 2·17 248 24R 


1
Vegetable SIlorlemng............ .IOa:1 3,1:17 3,/61 2411 206 241 259 2m 

4035 3,107 3,182 2[.0 267 2·j9 258 2&1 
·Io:m 2,957 3. :114 2'..18 271 240 2r.o 245 
~~_ 3102~1~~~~ 252 259 ~ 

j
... verRge .. •••••• ..-···....··-=tO·2~ ~~~;~~~: ~:~~~~-~~~ ~~~i ~; ~~~:=-~~ 


·111:1/ I a.lI55 1 3, 118 240 2r.<J I 244 247 I 246

V~gctl\bh~ "",I animal "hor(~nln!l. 40:H 3. I H 3,031l 239 261 I 237 \ 21\1l I 252 •'10:17 2.947 :I, Jr.5 235 2f}1 2·18 I 2571 20.1 

40:19 3, lall. 3,O!'.1 252 25:1 248 1 2f!4 2M 

. ---,--:--- --'1:-:- -Il~:;-' -:;-:-'--<'}..)l---~-A'en\ge •••__ •• __ •__....__ ... ........ ,1.011; 3.145 •.If, ,." I ,,1.\ I .". I -4S 


Minimum signlficunt dllIcrence ====1==1= 
(odds u)..]) _ _ _ . . '" •__.... ' 240 2411 26 20 I II II 8 

Mlnimulll hll:hl, slgnU\caut dlf- j
ference (odds OlH) •. _ ......__• __•••__ • R2S 	 ! a28 34 34 15 15 11 


j I 


\ Tho formula [or each of the shortonlngs Is given In table 1. 

'Adjusted for Caloric Intnkl'_ 


When the diets contained 5 per-eent of fat, only olle lot of refined 
lard, No. 4041, produced sigllifieantly higher gains thiln leaf lard No. 
4028, which produced the lowest gn.ins. Among the vegetable shorten
ings, only sn.mplc No. 4038 was definitely superior to any other shorten
in~ of this typo. The vegetable and animal shortenings did not 
diner materially in growth-promoting yulues. 

When fat constituted 15 percent of the diet, rofined lard No. 404J 
aguin waR definitely Buperior in growth-promoting value to leaf lard 
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No. 4028. Vegetable shortenings 4033,4035, and 4038 were superior 
to samples 4025, 4026, and 4030. Vegetable and animal shortenings 
4034, 4037, and 40391utd significantly higher growth-promoting values 
than sample 4029. Therefore, with only a few exceptions, there was 
no material difference bet.ween the growth-promoting properties of a 
shortening at the two levels of fat intake. 

A complll'ison of the· ILVemge adjusted gains for both the 5- and IS
percent levels shows that refined lard No. 4041 was definitely superior 
to leaf lard No. 4028. Vegetable shortenings 4035 and 4038 had 
significantly highel" growth-promoting valu('s than samples 4025 
and 4030. V('getable' and animal shortenings 4034. 4037, and 4039 
were dclinitely superior to sn,mpic 4029 .. 

At both the 5- jtne! 15-percent levels of int.ake, lard, vegetable 
shortening, nnd vegetable itnd animal shortening had practically 
the snme averng(' growth-promoting values. 

DIGl>Sl'lBlUl'Y OF SHORl'l~NINGS 

• The I'csults of the digestion experiments are presented in table S. 
Only difl'el'el1ces in digestibility tlll.t are statistically highly si~nificant 
arc considered. TIl(' l1yernge C\ig('stive coelIicients for the tour lots 
of lard f01' both the 5-pCl'cent and the 15-percent levels of intake 
indicate that thr refined lards 4027 and 4041 were superior to leaf 
lard 4028. 

TAllliJoJ 5.-Average true digestl:bility of shorlenin(J.~ in 7-day tests with male ra~ 
when fat constituted 5 and 15 percent of the diet 

Dlgest!\'o cocmclent ot shortening
when diet contalncd-

IShortening used Llluornlory
1 

:-<0. 5 percent 15 percent A5V~?150( 
ot tat ot tat percent ot 

tat 
---------------------------------�--------�-,p~,,~ccn=t.-I-,n.=~-I--n~=--Pacent Percml 

94.S 95.1 
95.1 95,4 
95.0 94.2Lard·····____ •___ ···_··_··· ___ ••••••• _______ ••______ ·_·I-{---~-;_~I_.___U_~~_I--------I-------

• 
91.7 01.2 

.. ___•••___ •• __ • __ .....___ ••• __••_.____ ••••_______ ._.. 93,8 94.2 94.0
1===1,====

4025 86.6 87.9 87.3 
40213 91.9 91. 1 91.6 
4030 86.9 88.1 87.5 
4032 85.9 00.0 Si.OVegetabl~ shortening ..__ ...................._... . 40;13 89.0 87.6 88.3 
4035 86.4 S" • -I !W.6 
40;16 85.9 83.4 !W.6 
41~~~ 80.4 87.0 88.2 

---»·-'----1-------1----
87.1 87.6

." vcrago. --------..-- •••• ' ..........--- ......----. '1=--='·=·=1&=~=1,1===~=7;=~=1===='1==== 

86.4 85.5

1 86.4 85.3 
Vegetable and snlmlll shortening ••• -....-.....---.... 4034 87.5 86.0 87.0 

40:l7 83.2 83.9 83.5 
,11)30 87.0 86.0 86.6 

1-------1------1-------1-----
85.8 85.6

M~~::;:g:ig~;~~::·;~'I~;::I~~~·(;~~:-;;;;__~:::::::::: :~~::::::::: 
45
5:.: I8 4.1 2.11

Minimum highly significant dilTerclIco (cdds 99-1) .._... __ .. _______ • 6.4 3.8 

I Tho (ormulll (or each 01 tha shortenings Is givon In table I. 
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Tho data for vegetable shortenings indicate that slunple 4026 was 
definitoly superior in digestibility to samples 4032, 4035, and 4036 •
when the diets contained 5 percent of fat, and superior to siunples 4035 
and 4036 when the diets cOlllnined 15 pel'cent of fn.t. Sn.ltlpLe 4032 also 
was superior in digestibility to samples 4035 iwd 4036 at the 15
percent levd of lntake. The average digeslivc"lt,l!icients for both 
levels of fut, intake indicate thnt sample 4026 bad:: • gnificalltly higher 
value than snmples 4m~5, 4030, 4035, and 4036, 

The four lots of vegetable and anlmal shorteUtngs did not c1iff(·l' 
significantly in digestibility at eithol' level of faL intnkc. 

There wnR 11 compn.l'utivcly small diHcnmccin tIl(' dig('stibility of n, 
shortening whether the diet GontlLined 5 01' 15 percent of fltL 

The n,vel'llgc' dntn, [or elLch typ£' of sbortening show thlLt lard was 
definitely slIp£'rior in digestibility both to the vegetable and to tbe 
vegetlLbl<.' H.nd aJ1imnl shortcnings at £'Ilcll ]evel of intnkc, 'I'll£' 
a.vernge di~l'stive coefficients for the v('gdi\hl,' Sh01'lcnings did not 
differsignihcnntly from those for the vcgetnlMnnd nnimnl shortenings 

COlllPOSITlON OF Ji'l,CES OF EXI'IJ:HumN'l'AL ItA'l'S 

In the determinntion of the digestibility of fl, fut by the procedure 
followed in the experimcnts berein reported, it was found that the 
crudc fat Hcids extrncted from th(l feces contained n considerable 
Quantity of ullsaponifiable ma\iLer, Analyses wert' mnde, therefore, to 
determin0 the proportion and eharflc1er of the 11l1saponifiable 1IlILtter jn 
ehe crude fut acids from the l'fl,ts tblLt hnd been fed the diets contnining 
15 percent of flLt nile! 111so from thr sum£' l'nt.s wIlen fed tlw fat-fl'cr 
di.et, ~rhe results HI'£, shown in 1ah10 6, 

•.~ 

• 




•• 

9 '. 
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NUTIU'!'IVE PI{OPER'l'rES OF LARD AND (YrHER S'HOR'l'ENINGS 

The perccntngcs of Jat acids in the feccs of tho riLts that had been 
fed difrerent lots and kinds of shorlening differed rather widely. In 
geneml, the proportion of fat Ilcids WtlS related to the digestibility of 
the shortening consumed but the relationship was not uniform, as 
may be seen from a compllrisol1 of the datiL in tables 5 and 6, 

The percentages of lInsttponifiable matter in the crude fecal fat 
acids from til<' rills fpd 15 percent of each of the different lots of 
shortening vnl'i('(l eOllsidemhly, but tho nNCl'uge values for the three 
types of shortening difl'('l'ccl only slightly, 'L'he ullsaponifinblo matter 
wns found to cOllsist largely of cholesterol. 

'1'h(' f('(~('s of tlw L't1,ts fcd the fnt-free diet Gont,nined relntively small 
propOI'tiolls of ('('ude fn,t acids ILml even smitHer percentages of pure fat 
ncicis. 'l'hese proportions of flLt aeids wcrt' not related to the propor
tions pn·\TiOllsly fOlllld in the feces from the snme groups of rats when 
fed dieLs contnining 15 IH'I'c('nt of short('ning, 

The fecal fllt from thrl'ltLs on the fat-fret' diet contained a much 
ItLrger propol'tion of 1II1sltponifinNe matter than WIIS present when the 
diet t:ontn,iued 1.5 p('rcC'l1t of fltt. Perct'ntnges of cholesterol in the 
ul1sllponifiltblr llUlt.Ler \\'P1'(, sOIllt'\\'llI1,t gl'l'l1ter than those of the rats 
wl1('11 L'('cei\'ing 15 pcn'pnl of ftli, in thrir diets . 

'I'hl' pr(,SPI1('(' of n, ('ol1sidl'l'tl,blc proportion of unsl1,pOnifitlbk matter 
in the crud!' f('cII I fat frolll I'II.t.S 1('(1 n, diet ('ontninillg fat ancl of a larger 
proportion in tllP eruch, fecal fllt from rnts fed n. fllt-free diet, raised 
thc qucstion as to til(' ofrpet of this constituent ill the determination 
of til(' tl'UC' digestibility of II, rat. Tn order to answer this question, the 
<iigcstiv(' eO(lfticie]1ts for nIL till' short(·nings, when they constituted 
15 pl'IT~'ut d til\' diC't, wt'rc cnleulatcd by two lIH'thods: (1) 'rhe 
pl'(lsrnce of 1ll1snponifinbh' mutter in till' fnt fpel lo the !'IltS, ill the 
fecal fat wlwn tht' di(·t t'ontnined 15 pr1'C'('lIt of ftlt, and in the fecal 
ftlt when Ul(' dipi rOI1Lnill('(lno filL. \vHS disregarded, Corrcdion wns 
mndc for til(' ('I'\I<lt' mdn bolie fltt ('xcrt'U!d when the rats werc fed the 
fat-JI'ee diet. 'I'll(' dig('s1.ivl' cMf[ieil'nis calcult1,ted by this method 
nre shown in Ltlbl(' 5, (2) COl'reetioll was mnde (Ol' the unsltponifiable 
matler' in the fIt{. f('d and in the fecal fllts mentioned abov(', The 
digcstiw' ('ocfIiei<'nts W0l't' thrn cnlc.ulatcd and found to agree' dosely 
with thosr prr\'iollsly de'LPI'min('(l. 'l'hrsC' results indicate that in the 
delenninlttion of til(' digestibility of t1, fllt whieh conLnins n, relatively 
smull proporLion of lI11saponifinblc matter. the prcsence of this COIl
Stitlll'ut in thr fat cons1I11lNl, ns well as in the c1'llde fnt excreted, may 
be disrcgarded, pl'ovided that cOl'l'l'ction is Illudc for the crude meta
bolk fn,t rxcL'<'ted when the cxpel'imenlnl animal is fed n fnt-free diet, 

DISCUSSION OFRESUL'J'S 

Althollgh certuin lots or shortening difl'ercd mu,tet'inlly in growth
promoLil\~ values, thesr differences did nol sec!!> to be definitely related 
to tilt' ciH'lllical composition of the products, ItoI' example, the four 
lots o[ Innl eontnilwd from 10,3 to 12,5 percent of linoleic acid, yet 
they lwcl ns high growth-promoting vnlucs ns snmples of vegetable 
and vegetnb\c llnd animltl fihortenings, which contnined much higher 
proportions of this rn.t u.cid, VegCJtnblr shurtening No, 4025 contained 
only 9.9 pereellL of linoleic acid as cOmptll'eu. with 22.2 percent in 
vegetnbk nnc! nnimnl shortening No, 4029, yet both products had 
practicnlly t\t!' sumo growth-promoting value, Linoleic ncic! ·did not 
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seem to be fI, limiting factor as relaled to the growth-pl'omoting values • 
or any of the shortenings LesLed. 

Likewise, there seomed to bo 110 definite relaLionship between the 
digestibility of n shorten Lng and its growtlkprOI11oting Ynlue, ns mIL)' 
be seon from thr data in tnhles 4 find 5. For examplr, the avemgc 
digestibility of the four lot,s of lard \\':1S definitcly higlH'l' than the 
average values (Ol' the \"cgelttble shol'tcntn{;s and (or the vegdahle and 
ftnimnl shortenings, yot tillC Il.VCl'l1g(1 growth-promoting values of the 
three Lypes of short('ning W01'(' Yory similar. 

The J1)rlling poin t o[ a shortening dhl not sho\\' n consistent rt'lation
ship to it,s tiig('stibilit.y, ns mny be seen from tlH' dicta in tablcs :j find 
5. li'or exnmple, ycgrLnblc sitol'tenin{;s N'os, 4035 and ·bO;~6 had 
melting points of 56° nnd :Hlo C" l'espcc'livcly, yet thr two products 
hud practienlly till' SIUlIr digcRtin' cocll·ieicnt. Agl),jn, lilrd No. 404.1 
and "<'gPlnblt' shortening No. 4036 had pL'flcticnlly the snllw Ilwlting 
point, bill thc lnnl bad it much hi~hcr digcstin codlicicnt. 

Til(' prl'('entl1{;<' of total saLumtcd fal acids in il shol'teniug showed 
no reIn tion:;hi p to its digostibility. 

SUNIMARY.~ 

The compn.l·nti,'o nutri tive properties of 17 lots of commercial 
shortenings, (,Heb l'oprescutiug a wrIl-kno\\Tn bra.nd, wpre d('{('I'mined 
b}T moans of growth and digestion oxperirneuts with young H:utlc 
albino l'Ilts. Tlw R\Jor\cllings inclncled 3 lots of slpl1m-rendl'I'pd tlnd 
1 lot of lenT In,rd, 8 lot;; or \'q.('lllble short<.'ninl!, I\nd filots of Ylw·tnNe 
and nnin11l1 shorten i Ilg. Tlw t'xp('I'irn(,1l ts w(,n' cond uetrcl inl Oa0-40 
at the (Tnit('c\ Stl1tes Dl'I>HI·tnwnt of Agriculture', H(,ltsyillP U('scal'ch 
Centor, Bclts\'i11c, }'ld. 

The growth-promoting \'llhiPS of ccrtnin lots of CIH'h tYl)~ of Rhorten
ing worc found to d i{r(~l' milh\l'inJly, bll t the a,erng<' ynlues .CO!' ""rd. [or 
vegetable shortrlling, Ilnd [or \'cgcln.blc nnd nnimal shortpning We,~(' 
very similor. 'J'hrl'l' \\'nR no oppal'('nt relntionship botween thp 
gro\vth-prOllJoting \"nlur of n, shortrning nna its contrut oflinolClr acid. 

Thr digeslibility of Innl wus SUIWl'iol' to thnt of the other t.ypes of 
shortening. TIl(' digpstiYC coefficients for 1nl'(l mngcd from \H.2 for 
leaf lard to 95.'1 for Il sl!'nllt-J'cndrred lard. with fill 11\'('1':112:(' of 94 
pCl'cenL. The digrRLi\Tc ('ocfncienls fot' vegctflblc shortening ranged. 
from 84.6 to 91.5, with nil flHI'IlJ-','(' of 87.5 percent. The digestive 
coeffiei('nts fOl' YC'gelllhlt' 11IId nnilllill Rilortening rnnged from 83.5 to 
87.0 with nn nYCl'I1gc of S5.G !wl'cent. Thrre was no consistent 
relationship between the Pl'I'CNllng(' of sll,lnro.led fnl adds in (l short
ening 01' it,s nwlting point nncl tit{' dig<'RtiYr co('{Ijeient. 
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