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Nutritive Properties of Lard and Other
Shortenings’

By Rauvn Hoacuaxy, senior biochemist, nnd Geonan (. Bninex, sendor scientific
aitle, Animal Mulrition Division, Bureww of dAnimal fndustry
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INTRODUCTION

Lard, together with comuercial shortenings consisbing wholly of
vegetable Tats or of mixtures of vegelable and animal {ats, constitutes
a considerable proportion of the fat in ghe dies of the people of the
. United States. Informulion regarding the nutritive properties of

i these products should therefore be of interest. The average annupl

per capite consumption of these types of shortening for the period
1631-40 was ns [ollows:? Lard, 12.4 pounds; and compounds (mix-
tures of vegetable and smimal fats) and vegetable cooking fats, 10:2
pounds. The per capita consamplion of lard ranged from 9.6 pounds
m 1935 to 14.6 pounds in 1940, and that of compounds and vegelbable
fals ramged from 7.5 pounds i 1932 to 12.4 pounds 1 19306,

In & previous publication, Hoagland and Snider (3) reported the
resulis of experiments with rats to determine the nutritive properties
of several kinds of lard, oleo oil, cotionseed oil, hydrogenatod cotlon-
seed oil, and peanut oil.  Material differences were found in the nutri-
tive properties of cortain Tats when they constituted 5 snd 30 percent
of the dieb. No consistent relationship was observed befween the
melting poink or the chemical composition of u fat and ils nutritive
properbies.

The writers {4) also compared the nutritive properties of lard and
hydrogenated cotionseed oil, in experiments with rats, when the diets
contained 5, 15, 30, and 54 percent of fat. Lard was found to be
superior in growth-prometing propertics when the diets contained 15,
30, and 54 percent of fat.  The digestibility of lard was higher at all
levels of intake.
mr prbliention Mov, 8, 1HE

VURITEDSTATES BUHEAL 0F AGQICULTUNAL DCOROMICE, TIE FATS AND OIL3 SITUATION, U. 8, Bur. Agr.

Ecunnm}ics FOS-4G, 17 pp., Blus. 1048, [Processod.] (UnpubHshed dats for 1840 were suppied by that
urenwy.,
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The purpose of the experiments herein reported was to determine,
by the use of young male albino rals, the growth-promoting values and
the digestive cocflicionis of well-known brands of lacd, vegetable
shortenings, and mixed vegetable snd animal shortenings. The vita-
min content of the shortenings was not determined, but adequate
quantities of the essentinl vitamins were added te the diets. Tle
results of these experiments supplement those previously reported by
the writers (8, 4) o the nutritive propertics of certain anima! amd
vegetable fals. The present experiments were condueted duirng 1939-
40 at the United States Deparbiment of Agriculture, Belisville Re-
senrch Center, Beltsville, Md.

SHORTENINGS USED AND METHOD OF STORING

Four lots of lard, eight lots of vegetable shortening, end five lots
of vegelable and animal shortening were used in these experiments,
Bacli ot represented a well-known hrand commonly found on the retail
market. All but twa lots were obtained direet from the manufacturers,
and the othiers were purchased on the open markes. Detailed in-
formation coneerning the method of manufecture of ecach shortening
was nol awailable, bulb the fesmulas tor most of the products are shown
in table 1, ydrogenated vegetable oil No. 4025, which was pur-
chased in sealed I-pound fin cans, was stored al room temperabure in
the eriginal coniainers. All other Jots of shortening were trausferred
to glass jars, which were sealed to exclude air aud stored at a temper-
ature of about 4° C. After # jar had been opencd and a part of the at
removed, the air was veplaced by mitroen amd the jar was seated.

TanLe L—Formidas for shortenings used {n ecperiments with rats
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DLETS FED

Each lot of shortening was incorporated in & dict, otherwise adequate
for growth, in the proportions of 5 and 15 percent by weight, corre-
spouding to approximately 12.5 and 32.5 percent of the total energy
value of the diet.  Vitamins A and D, equivalent to 2 percent of cod-
liver oil, were added in the form of an cther extract of saponified U. 8.

A
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P. cod-liver oil.  Whaler-soluble vitamins were added in the form of &
commercial conventrake prepared fromt yensi, This product was
stated to contein 240 B, und 60 Bs Shermean unils per gram.  The salt
mixture was made up as previously described by the writers (3).
U. 8. P. dextrose containing approximately 8 percent of water was
used,  Commercial casein wis extracted with ether for aboub o week
until it was practically free from cther-soluble material.  Each dict
was made up in kilogram quantities and was stored in covered glass
jars nt about 4° C.

Tanne 2. -Formwlas for diets fod (6 ruls

- - |
1 ' l i Cod-liver-cil
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La ealeutating the energy values of the dicts, the (ollowing factors
wore used: Profein, 4; earboliwdrate, 3.75; and Iat, 9 Calories® per
gram.  The factor 3.74 wus used {or earbohydrate since it cousisted
almost entively of dextrose.  Casein. yeast concentrate, and salt
mixture weore added in such proportions (hat cach bore approxiniately
a constant relation to the total energy value of the diet, regardless of
tie proportion of fal present.  Casein furnished approximadlely 20.6
pereent of the energy value of the diel.  The formulas for the drets,
including the fat-free diet that was fed Lo each rat in order to duter-
mine the quantity of metubolic fal exereted. are shown in table 2,

EXPERIVENTAL PROCEDURE

Two series of growlh caperiments were comduvied, one with diets
containing 5 percent of Mt and {he other witl 15 percent. Only
experimenis with diets containing the same pereentage of fal were
condueted at one time.  Ench dict was fed for 60 days to cight male
albino rats weighing approsimmtely 40 wm. each and neb exceeding
28 days of age al the beginning of the experiment.  Rats [rom different
litiers were distributed as evenly as practicabie among the groups
receiving the different shortenings.  Each ral was kept in an indi-
vidual cage, whiclh was provided with a ralsed sereen bottom. v self-
feeder, and a drinking vessel.  The bottom of the cage was covered
with blotting paper.  Ruts were weighed twice weekly, and a record
was kepl of fece consumed.

Digestion tests were conducted with six rfs on cach diet, usually
after Lhe experiment had been in progress wbout 50 days.  All feces
from each ratl = «.o collecled for 7 duys, and the quantity of feed con-
sumed during the same period was weighed. The feces were dried
to a constant weight at 100° C.  The quantiby of fat consumed was
caleulated from the quantity of feed ealen and the percentage of {at
added to Lhe diel.

-
& Tl terw “Cnlorie ns usel In this popdr depates the kilugrom-enloria,
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The quantity of {at excreted wus determined as follows: Approxi-
mately 2 gin.of dry feces was weighed into o 200-cc. Erlenmeoyer flask,
and 25 ce. of 30-percent potasstum hivdroxide solution was added.
The mixture was heated ou a stewm ouath until the feces were disin-
tegrated, when 50 cc. of 95-percent ethyl alcohol was added, and
heafing was continued until saponification was completed. The con-
tents of the finsk were transferred to & 500-cc. separatory funnel, and
a slight oxcess of concentrated hydrochloric acid was added. When
cool, the contents of the funnel were extracted twice with 100-cc.
portions of petrolein ether to remove free fat acids, and the extract
was breated with waber to remove hydrochloric seid, The ether
extract was Lrnnsferred to a bared 300-cc, Brdenmeyer flask, which was
placeil on & steam bath until the ether had evaporated. The flask
was dried to constani weight at 100° C.  The quantity of glycerides
was cafeuinted by multiplying the quantity of fat acids by 1.045.

Moetabolie fat m the {eces was determined as follows: At the end
of the 60-day experimenst, ench b from which feces had been saved
for annlysis was changed to the fat-free diet. After » preliminary
period of at least 2 days to permil excrelion of feces from the previous
diet, the feces were saved for 7 days. The feces were dried to con-
stanl weight ot 100° C., and the fat confent was determined as
previously described.  The percentage of fat in the feces of & rat
while on the lat-free diet was cousidered to be metabolic fat, and this
igure was used i corvecting for the metubolic fat in the feces of the
same ok in the previous digestion experiment.

The true digeslibility of cach shortening was caleataled in the usual
manner afler making correction for the quantity of metabolic fat
excreled during the digestion test. 1t was assumed that cach rat
excreted the same quantity of metabolic {at in proportion to nonfat
dry matier as when 1t was fed the fnt-free diet,

The following metliods of analysis were used: The iodine number
was determined by the Hanus method and the melting point by the
eupillary-tube method (7). The thiocyanogen number was deter-
mined by the method of Kanfmann (6). A 0.1 N solution of thiocy-
anogen in pure acetic acid, which had been distilled over phosphoric
anhydride, was used.  An excess of 100 to 150 percent of the reagent
was added, and absorpilon was conducted f{or 24 hours in the dark
at room temperalure {abont 25° ). The percentages of oleic,
linolele, and total saiurated {nt acids were ealeulated from the iodine
and Chiocysnogen numbers by the formulas given by Kass, Lund-
bere, and Burr (6, 5. §3).

The unsaponifiable matter was determined by extraction of the
saponified {al or fat neids with at least three 100-ce. portions of pe-
troleum other,  The extraction was eartied on in & 500-ce. separatory
funnel. The cther extract wns washed with water, trapsferred to &
300-cc. Erlenmeyer flask, and after evaporation of the ether the residue
was duied ot 100° C.

Cholesterol was determined in the nusaponifiable matter by precipi-
tation with digitonin according to » method deseribed by Ewert (2).
The method was tested with pure cholesterol, and excellent results
were obiained.

Statistical analyses weve made for Calorie intake, gain in weight, and
digestive coeflictents.®  To determine the effecs of the variety of short-

+ Ackaowiedpment i tnade ko Tentle Q. Yolmson, ey of the Animal Bosbandry Divisioo of the
Buresu of Aningd Sndustey, for the stadstieni noalyses of e dutn.
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ening independent of feed intake, a correction of variance and means
for linear regression of gain as related to Calorie intake was made by
the method of covariance (7). By this method the gain was corrected
for correlation of gain with feed miake based on the average within-
shortening variations. A relabionship of gain with Calerie intake
different from the average that is peculiar to a particular shortening
would be kept in the data.

EXPERIMENTAL RESULTS
Curmical CoMPOSITION OF SHORTENINGS

Date on the chemical composition of the several kinds of shortening
used in the present experiments ave presented in table 3. Thae table
shows no consistent relationship bebween the pereentage of saburated
fat acids in a shortening and its melting point. For instance, the
percentages of saturated fat ncids ranged from 28.6 in vegetable and
antma! 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.

Tanre 3.—Composition of shorlenings used in experiments with rofs

Laborn- — Thioey- | Saturated : .
Melting | Yodine Oleie | { Linolele
Bhortening used tory s NUDELH g, : N
Mot yaink wmtenbyer number | nelds agld ? neid ?
o Prreent | Pereent | Prreent
4027 46 4.6 AL b £2.0 47.7 3303
Lard 541 iB 59,2 .2 . B 519 LRV
e ekt bbbty 1042 14 G5. 1 54,4 ¥ 9.1 (TN
023 o 56.2 47,8 5, 1.5 110, 4
350 18 687 53.0 L8 2.0 LAY
20 17 L o, 3 . 3.4 4.5
Liinct] £3 §\.3 3.1 . #5.1 3?’!
VeReLAbI® ShOTLENIR. ronmeo oS I - N3 4 B B4 Y
5 5 o4 ar. 8 . a4 40.2
AL Hil 7Ll 1N . 45,0 .5
Rline Al 8.2 57.8 . LB 35.6
LA 43 7ol 50,8 T WL 2
. T 40341 47 .1 15,9 977 17.3
Vfﬁn}(lnhlo and wiisnnl shorten Phey i3 T 54 4 g T e37 ]
R s T 5 §4.8 55,0 .7 35,2 29,1
ARG RE:] .3 4.7 L8 40,4 18, 8

tTha formuin for eneh of the shorteniogs Is glvon in table &
t Toxpressed a8 percentapo of tolad It aeids,

$AIay inchtda o smal) proportton of arachidon!e sefd,

1t MEay nehule o sl proportion of Hnolenie acld.

With the oxception of partially hydregeunted cottonseed oil No.
4025, the vegetable shortenings and the vegetable and animal shorten-
ings contuined much higher percentages of inolcic acid than any of
the smmples of lard.

The rvelationship of the composition of the shortenings to growth-
promoting values is discussed laber.

Growtl-Projorineg VALUES OF SHORTENINGS

The growth-promoting values of the shiortenings ave shown in table
4. There were considerable differences between the average unad-
justed gains made by the rats fed corbain lots of each type of shortening
&t each level of [nt intake, Mowever, these data alone do not provide
an sccurnte measure of the relative growth-promoting values of the
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diffcrent lots of shortening, beeause the vate of growth is affected by
the iced intalke. For cxample, among the rats fed the diets containing
5 percent of lard, the largest unadjusted gain was made by those
receiving Iard No. 4041, and the sinallest by those fed lard No. 4027,
the difference being 33 gm. The relative feed consumption of the
two groups of rats was in the same order. However, when the gains
were adjusted to a common feed intake, the difference in gain wes only
§ gm., which is not signifieant. Other similar examples may be found
among the unadjusted gains. For these reasons, only the adjusted
zains were used i comparing the relative growth-promoting values
of the different lots of shortening. When fat constituted either 5 or
15 pereent of the diet, a difference of 15 gm. hetween the average
adjusted gains is highly significant, and in ovder to simplify the
discussions, only such differences sre considered.

Tasue d—Average growth-premoting vulues of diels contuinimg & and 15 percent
each of differont shortenings wnen fed lo mele rais for 60 days

Qain tn weight—
Intpke af oot
vorlpinfug— E{??{:‘i‘ggﬂ‘n’: AdJusted ? on diet con-
. Laho- talning— talning—
Shortenivg waed mlorr —
Nao.

Average
biper- |15 per- | Sper- F15 per- ' & per- | 15 per- | of 5avl
cent of | cent of | cent of ! conk of § cent of | cent of | 15 per-

It fat it ! fat fat fat cent of
fat
Caleries ! Calories | Grama Groma | Groma | Groms
027 SMT sty 45 M 250
Lard i AT LHED o2 ik et 257
e ARRRL LI FIOEE I A L BTN T a1 1 | M
0250 20 24 2B 241 a4t
AVEraRE. oo mronrmmnnn e : 230 [} M| _ e 24
T T R N I S I TH
Bt 345 42 A
i | 242 241 a4
: 45 27 2 2458
Vegetahle shorlening . ... 5‘:!1 i _,i; ef‘g 2?3
260 P2l 258 251
228 O 20 Ha
245 252 00 ThG
AVEFAED . . e vmemrmm e m a5 |
7"
2130
Vegelable nne nnlmal shorfenine. s a0
gk
2521 !
LS ) S, ¥, 145 T 253 ane 248
Mloitum slgnifcennt diference T
Eodds -1y . . .- ESE a5 11 1 8
Minivoam hiphly sienffdeant dif-
fererea (adds 00-1) ... . .oveeos)ocnranna] ) ; ] 3 15 13 it

v The jormutn for eaels of the shortenbngs Is ghven 1o table 1.
2 Adjusied for Calorle Intake.

When the diets contained 5 percent of fat, only one lot of refined
lard, No. 4041, produced signifieantly higher gains than leaf lard No.
4028, which produced the lowest gains.  Among the vegetable shorten-
ings, only sample No. 4038 was definitely supertor to any other shorten-
ing of this type. The vegetable and animal shortenings did not
differ materia iy in growth-promoting values.

When fat constituted 15 percent of the diet, refined lard No. 4041
agnin was definitely superior in growth-promoting value to leaf lard
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No. 4928,  Vegetable shortenings 4033, 4035, and 4038 were superior
to samples 4025, 4026, and 4030. Vegetable and animal shortenings
4034, 4037, and 4039 had significantly higher growth-promoting values
than sample 4029.  Thevefore, with only a fow excepltions, there was
oo material diflerence between the growth-promoting properties of a
shortening at the two levels of fat intalke.

A comparison ol the nverage adjusted gains for both the 5- and 15-
percent levels shows thal refined lard No. 4041 was definitely superior
to leaf lard No. 4028. Vegetable shortenings 4035 and 4038 had
significantly higher growth-promoting velues than samples 4025
and 4030.  Vegetable and animal shortenings 4034, 4037, and 4039
were definitely superior to sample 4029..

Ab both the 5- and 15-percent levels of intake, lard, vegetable
shortening, and vegetable and aninal shorteniug had practically
the same average growth-promoting values.

DigEsTIBILITY OF SllORTI:‘.NINGS

The results of the digestion experimients are presented in table 5.
Only diflerences in digestibility tliat are statistically bighly significant
are considered. The average digestive cocflicients for the four lots
of lard for both the 5-percenl and the 15-percent levels of intake
indicate that the refined lards 4027 and 4041 were superior to leaf
lard 4028.

Tanne B—dverage true digestibility of shortenings in T-tday lesis with male rats
when fat constituied & and 15 percent of the diet

Dlgestive coefliclent of shortenlng
whea digt contained—

. - Labaratoery
shortening used ~Nalt

A\'ur?acf
& percent | 15 percent t 5 msnd 15
of faL of fat percent af
fat

Pereent Percent
5.3 94,8
BT .1
b3 4 95.0
o7 a7
3.8

80.6

=]

k.

Vegelnbe shortening o, ..o,

[ppLEB=ES] 2
=T o YTy |

;|
-

AFPETARD. o e verrem i marran s mrme e o ia

Yegelable and animal shortening

e 0o on
szgza
- — o L= 1 - Ty

Ry BsaEe|
W SR | e

ta
bl |

Average

Mlnlmom signlfieant diference (adds 19-1}
Minlmym highly sigrlficant ditTerence {odda 9-1)

opl 2 2BaRE | 2| grepmae:
- -1 -] (-] A D Gl L (<] [=E--T--§~F--31

Lkl
-

! ‘The fermuls for each of the shortenlngs i3 given in tablo 1.
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The data for vegetable shorfenings indicate that sample 4026 was
definitely superior in digestibility (o ssmples 4032, 4035, and 4036
when the dists contained 5 pereent of [al, and superior Lo samples 4035
and 4036 when the dicts contained 15 percent ol lat.  Sample 4032 also
was superior in digestibility to samples 4035 and 4036 at the 15-

ercent level of intake. The average digesiive -nlicients for both
avels of fat intake indicate that sample 4026 had s« gaificantly higher
value than samples 4025, 4030, 4035, and 4636.

The four lots of vegetable and animal shortenmgs did not difter
significantly in digestibility at cither lovel of fat intake.

There was 2 comparatively small difference in the digestibility of &
shortening whether the diet gontained 5 or 15 percent of fat.

The avernge dale lor each type of shortening show that lard was
definitely superior in digestibilily both to the vegotable and to the
vegetable and animal shortenings at each level of intake, The
average digestive cocllicients for the vegelalide shorlenings did nol
differ signifieantly {rom those for the vegetabic and snimal shortenings

ComrosiTionN oF FEGES oF LXPERIMENTAL Roaws

In the determination of the digestibility of a fat by the procedure
followed in the experiments herein reporled, it was feund that the
crude fal acids extracted from the feccs contained a considerable
quantity of unsaponifiabic matter. Analyses were made, therefore, Lo
determine the proportion and character of the unsaponifiable matterin
the erude fut acids from the vats that had been fed the dicts conlaining
15 percent of fat and also {rom the same rals when fed the fat-free
dist. The resulls are shewn in Llahie 6.

‘TapLr B Average composidion of feces of rafs fed dicls cositaining 16 percent of ful
aned of the same rals fed a fat-free dict

i t
} Ficas of tals fed u fnp st . Foevs of rats fed o fal-free dlot
JR— _—— ! | e
- it acids  § Unsa- | . !Cilo'li"s—' Fat uclds | Unspe .- Clioles
Stin&kaegu& Wry L e e BORI- Fligles. ! terelin!__ . | Lol f‘i[o‘!;.s- “legl i
No. 5] .{n e | T : ©iHatle arerorle  HOE
. B LY {mt H (‘.\t - : mailer o, pan-
PCnnle o (inceade it t itinble  Cnele Pure mere acign e
i . faLneids miler g el ; matier
i __.1__. i e ! h—_ e = . —— -
Fere Py : Fer- Per-
cend o orend 1!’m'm!  Pereent | Percend renf ceft Frreent Pereent Prereest
407 2700 540 .67 1.37 [T T 1 -0k LIRS iR MU
Lard AQY G OEFTE 1 OIGBR &4 4 3 ER:1] HiE N .
Tamevasesscy 44T 2GUT J| .M ] t w0 KLU AT 'S S0 T I O R 1 9}
4028 A6, 05, 4538 3.5 . L&D M AR 30 R P PTG
Avernge s NG R L T SR 4 -4 6B 3 17,56 41,92
Jans . fes dnor B 408 V969 60.00

10,62 | At
1.6l 62
640 | 6.7

iy
RFEI I N N R ] AT
iU T B R W S e S - A 1 N (8 T
a8

1
;oOmEl L 3
Vereuble shott- |} 4052 49,43 | Las! u8, W00 Bun. 4LT.
- . 4
3.

ening. . Wi 35,70 35.0 BED 4l
TR T T 502 3
fEn 0,00 318 IR
IS R GF B3 4 s
Average .Jo.o...| 4030, 8WC AT za TR
W0 RLOG AR, &S DM 604N, 652 4.
Vegetnbie ami [} 40l - 48 36 . 4580 . 3. L& LT
animal short- < 103 36 73 95450 RO . .._f... F L - Ay ]
eping._.. .. 4007 G AT . i .. BT O S
4030 ¢ 85,77 36.00 A - AT ..
Aveage. o 00 0080 447! mo2 sAe4 . AU S04 W76 W0 0L32

+ Dratn for chalesterol ara lovom plote an neeonnt of isulliclont sapply of dicitunbe,
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The percentages of fat ncids in the feces of the rats that had been
fed different lots and kinds of shorlening differed vather widely. In
general, the proportion of fut acids was related to the digestibility of
the shortening consumed but the relationship was not uniform, as
may be seen [rom a compurison of the data in tables 5 and 6.

The percentages of unsaponilinble matter in the crude fecal fat
acids [rom the rats fed 15 pereent of each of the dilferent lots of
shortening varied considerably, but the avernge vealues for the three
types of shortening dilfered only slightly,  The uusaponifiable matter
was found to consist largely of cholesterol.

The feces of the eals fed the fab-free diet confained relatively small
proportions of crude [ab neids and oven smaller percentages of pure fat
acids. These proporbions of (at acids were not related to the propor-
tions previously found in the feces [rom the same groups of rats when
fed diels containing 15 pereent of shortening,

The feenl fab from the rals on the fat-lree diet contained o much
larger proportion of unsaponilinble matter than was present when the
dict contained 15 pereent of fat, Percentages of cholesterol in the
unsaponifinble nuntler were somewhat greater than those of the rats
when receiving 156 pereent of fat in their diets.

The presence of o eonsiderable proportion of unsaponifiable matter
in the erucle Teent fat [rom rats Ted a diet containing fat and of o larger
proportion in the erde feeal Ial from rats fed a {at-free dict, raised
the question as (o the effeet of this conslituent in the determination
of the true digestibility of a fnt,  In order to answer this question, the
digestive coollicients f{or all the shortenings, when they constituted
15 pereent of the dirt, were ealeulated by two methods: (1) The
presence of unsaponifinble matter in the fat Ied to the rats, in the
foeal fal when the diey cotitained 15 pereent of (ot fad in the feeal
fut when the diel conbained no [ut, was disregarded.  Correclion was
mugle for the vrude metabelic fat excreted when the rats were fed the
fnt-free dict.  The digestive eoeflicicnls caleulated by this mcthod
are shown in tuble 5. (2} Corvecetion was made {or the unsaponifiable
matler in the fnt fed and in the fecal fats mentioned above. The
digestive cocflicienls were then caleulnted and found Lo agree closely
with those previously determined.  ‘These results indieate that in the
determination of the digestihility of o fat which contains a relatively
small proportien of unsaponifiable matter, the presence of this con-
stibuent in the fat consumed, as well as in the crude at excreted, may
be disregarded, provided that correction is made for the crude meta-
bolie fat exercted when the experimental unimal is fed o fat-free diet.

DISCHSSION OF RESULTS

Although certain lots of shortening differed materially m growth-
prometing values, these dillerences did net seem o be definitely related
to the choemienl composition of the products.  Lor example, the four
lots of lavd contained from 103 to 12.5 percent of linoleice acid, yet
they had ns high growth-promoting values as samples of vegetable
and vegetabie aned animal shovtenings, which contained much bigher
proportions of this Mt acid.  Vegetable shortening No. 4025 contained
only 9.9 percend of linoleic acid as compared with 222 percent in
vegobable and animal shortening No. 4029, yet both products had
practically the same growtli-promoting value. Linoleic acid-did not
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secim to be a limiting {actor as related to the growth-promoting values
of any of the shortenings tested.

Likowise, there seonmed to be ne deflinite relationship between the
digestibility of a shortening and its growth-promoting value, as mny
be scen from the datla in tables 4 and 5. For example, the average
digestibility of the [our lots of lavrd was definitely higher than the
average vatues (ov the vegetable shortenings and f{or the vegetable and
animal shortenings, yeb the nvernge growth-promoting values of the
three Lypes of shortening were very similar.

The miriting potint of 2 shorlening did net show a consistent relation-
ship to its digestibility, as may be seen from the data o tables 3 and
5. Weor example, vegelable shortenings Nos. 4035 and 1036 had
melting points of 56° and 30° (., vespeetively. yet the two products
had practically the sane digestive coellicient.  Again, lavd No. 4041
and vegeleble shortening No. 4036 had practiealty the same melting
point, but the lard had a mueh higher digesfive corflictent.

The perrentage of total satutated fal acids in a shortening showed
ro reintionship {o its digestibility.

SUMMARY

The compnrative nutritive propertics of 17 lols of cominercial
shortenings, cach representing a well-known brand, were determined
by means of growth and digestion experiments with youny male
albino rats. The shortenings mcluded 3 lots of steam-rendered and
i lot of leal lavd, 8 lots of vegelable shertening, nnd 5 lots ol vegelable
and animal shortening.  The expertiments were conducted in 1939-40
at the United States Department of Agriculture, Beltsville Research
Center, Belisville, Md.

The growth-promoting values of certain lots of each type of shorten-
ing were found to differ maderially, but the average values for tatel, for
vegetable shortening, nud [or vegetable and amimal shorteuing were
very similar. There was no apparent relationship between  the
growth-promoting value of a shortening and its content of linolewe acid,

The digestibility of lard was superior to that of the other types of
shortening. The digestive coceflicients for lard ranged from 91.2 {or
lenf lard to 95.4 for a sleamerendered lard. with an average of 94

ercenl, The digestive coefllicients for vegelable shortening ranged
rom $4.6 to 91.5, with an average of 87.5 percent.  The digestive
coefficients for vegetable nnd animal shortenmg ranged from 83.5 to
87.0 with nn avernge of 85.6 percent. There was no consistent
relalionship between the pereentage of salurated fal acids in o short-
entng or its melting point and the digestive coellicient.
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