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intrcduction

In meny laboratories conducting experiments invelving the pravara-

3 Totiean the

IJ
("

tion of diets, significant diffar:nce2s have tezn ckserve
caloric values as calculatzd Irom tevles cf fcod composition and thoce
obtteined by the arpliceiicn of ccuverzion facters to the values fer car-
tohydretes, protzin and fat deterszinca by proximate analysis.

In the resazrch projzct concerning tae utilizstion of celories and

protein by overweight cellege wenen on a weisht-reductic: dizt, ard con-

£ooNr

ductzd ty the [Fcods and "utrition Derartusnt of lichigfen Ztete Colleges,

£
(=]

discrepancies werz obtservad tetacen the froed ¢ 2>s as coxputed frem the

tarles and as determined from the tembk calorimetzr,

D

the dists were charactzrizad ty a high fat content, a lixely

w

A
-ariation in the wctual fat contert of the diet from the values cemputed
from tne food tables, w.s considersd ean iwmportznt factor in causing the
discrerancy. The purpccs of this study trerafore was to determine the
fat ccentent of thne corposite diets used in tae atove-men*ioned ressarch
preject, by gqusntitative analysis. A cempariscen of the valves thus obtain-
ed with the fat ccntent as calculatad frea the focd composition tablss,
was also a matter of consideration.

It night be acdded that sore of the fecal sarples of the subjocts were

also analyzed for thneir fut content.
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*
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Raviaw cf Literature

Various msthods have tesn develcpsd and uszd for tas extraction of

4

rc. direct evtraction frem the dried product by

=y

at from focu

Ui

, ranging

solvants, sapcnification cf tre fat followed by extrocticon of the literated

fatty acids vy light petrclaun, to acid treatwent followied bty extraction

The first method fails to extract the fat coarletely freo many cooked
starchy fcods, such as bread end biscuit. In the second methed the calcu-
lzatien of tha fat cerntant rests on the assumpticn that'ﬁiglycerides are
tae only compounas of fatty acids yresent in the matericel orirsinelly tekon.
Eesides, sincz licht petroleu~ takes up starcls as well as fatty acids
sters should havz to bte teken for thzir removal.

Tre prescarce of lowsr fetty acids in tuttzr, margarine znd hydroren-
atad coconut o0il introduces errors since these acids are apprecially
volatile under the conditioins required teo drive off the extracting sclvent
ana to dry the recovered fatty acide. Turthner, as btutyric is miscitble
with water, and other acids are arprzciably soluble in it, they zre nct
completely extracted by solvents.

Tae third method consists in treating the sample with hydrcchloric
acid follewed by alcohel and extracting the fat with =2thyl ether and light
petroleun. The extract cbtained by this methoa includes glycerides, phos-
phatids, stiterols and free fatty acids.

4 reliable method of fat-analysis is by continuous extracticn with
ether in a soxhlet apparatus, althcugh it takes a long time. Extraction
determines crude fat, includirg neutral fats, phospholipids and other

substances in small amounts. ZIxtraction method is convenient, and con-

sidered more suituble if the sample is properly ground end drisd. (FAC, 19L7)



3

This method was adopted for the presernt investigaticn.

¥ickelsen et al. (15L7) aralyz2d tatehes of three different low-
fat dists usa2d in rotation over a reriod of six months as part of a large
oxperiment on cemi-starveotion, Results of analysis of different batches
of the same dist showed that the apparent fat contzent was subject to the
greatest day-te-day variation. Using the soxhlet method of extraction
with et .2r, they found that an addtion of a detergent (.5% Duponol) to
the food collected for fat analysis resulted in a very consideratle in-
crease in the weight of material extracted by ether. This wes explained
as beinp due to the hcmogeneity produced in the sample by the surface active
agent. The difference amounted to as much as 30 per cent in a dry food
mixture aml to as much as 300 per cent in a mixture analyz2d in ths moist
state.

Shannon (1949) reported that the length of drying time after ex-
traction influenced the final percentage of fat obtained.

Fransty et al. (19LF) in their study cf the comparison of the estima-

tion of the food intake for 3 dayvs of a numbter of children cottained by

vsis found thzat calculation

v

welghing and calculating, and by chemical anal
from tatrles cver-estimated the fat content. In ancther stuay on the
methods of individual dietary survey Eransty et al. (1yLE) found that for
individual diet differences between the valves found by culculations and
ty chemical anualysis w2re in many instances sc largs as to threw doubt
on the usefulness of the individual results obtained ty calculaticr.
Hummel and others (19L2) found that the results cttain=d from the
analysis of foodstuffs varied widely from the staadard figures. The few
foods otuner than butter and milk wiich contaired fat in apnreciable
aaounts, were concentrated types of foodstuffs widch are difficult to

sample accurately. In additicen thecy were not uniform as purchased, though



every possible precauticn was observed tc control variations which might
arise at the scurce of sunrly. TFor instance, shculder teef was recommended
as the most uniformly l=an reat to te obtained, and all purchases were mace
from cne kitchen, tut samples wzrs found to vary as much as 1-15 rer cent
in fat centent. The energy values of teef confirmed the difference in com-
rosition. ihrrmel found that individual samples of a given fooada very from
values rerorted in standard fables, tut when analysis of ccmposite diets
are compared #ith dietary figures calculated froz the literaturs, there
is fairly good agreement in fzt content.

™cmas et al. (1952) in a study of th: nutritional status of children
eveluated the accuracy of calculated intakes of food components with respact
to analytical values. For fat and scme other nutrimients, 28 of 33 differences
showed smaller centents by analysis than were indicated by calculation.

The fet intakes estimated from food ccoiposzition tatles were in 1o close agree-

sted, emphasizing ths great vari-

;_:.

ment with the actuzl amounts of fat
ations in the concentration of this constitusnt in foods. Thus a compsri-
son cf data obtained by analysis and by calculation from standard tatles

of food composi*icn showed that in diets eaten ty two groups of children,
in fezl11 and in spring, the results for fat were siénificantly different

in both thz seasons. Consistent differences indicated that values sclected
from the tatles did not arproximate the true valuss in either seascon.

The anzlyzed values for the fat content of diets containing large
amounts of complex recipes, could te different from values ot tained by
calculation from tables. 1In cslculating the diets of older women using the
tabtles of Donelscn and Leichsenring (1°L5), Ohlson (1950) found that the
calculated viluzs for nitrogen, calcium and rhosphorus did not corrsspond
to the analyzed values for thesse diets which contezined a high proportion

of processad meats or coxrlex cooking mixtures.



Experimental Procedure

Ixperimantal Fackground:

The diets analyzed for their fat content, were those usad in the
matatolism study on weight reduction carried on six overweight college
women, by the Department of Foods and Mutirition of Yichigan State College.

The general pattern cf tne weight recduction diet wes: high protein,
high fat and low carbtohydrats, with a tetal caloric intcke of 1,600 -
1,700 calories per day. {The National Research Council reccrmmends an
averacs of 2,000 calories daily for healthy, rocemtdy active young women)

The subjects were maintzined cn a self-selzctied diet for a two-wezk
observaticn period, pralizinary to the periocd of weight loss. During the

szcond weekK a talence study was rade to ecstablish calcium retention of the

(O

subjz2cts. After two wseks on the waight reduction diet, arother talance
reriod wes maintained fer a we=k. 73ix talance periods ware comrleted
during tha entire study which lasted from January, 1951 te June, 16%51.
Expzrimsntz]l diets

Seven Tenus were planaad fer the weight-rzduction di=t, &nd these
wers repeated each wezk. The meals prepared und servec in ths Home ZIcono-
mics Cepartment. [11 lceds eaten ware wei

cale.

Sarrling of focd:

During ths second week of the s2lf-sslection diet, all servings were
weighed end @ weighed aliquots egual to on2-fifth of the foed coten were

frezen, after each mreel. L g'm’lar precoduarc awus felleowed for thne waight

(&

b

rediuction diet. Licuids ard eclids w:re saved sererately for convenisnce

in handling. Th2 seven-dsy ccllacticon pariod was dividad into A L-day

rericd and B. 3-day pericd fer convenience. The samrles sere theacd btefore



blending at the completion of each week. The food was blended

in a Wsaring food blender for five minutes (until mixture became
homogenous), transferred to a 2-liter volumetric flask and meade to
volume with distilled water, After mixing the &Hﬂrry, two s=nples
were messured into 250 milliliter volumetric flssks, then trensferr-
ed to weighed evep-reting dishes znd dried in &n oven et 40 degrees
centigrade for 3 to 4 days untll dry. The samples were stirred at
Intervels to permit more even drying, and after drying to constant
welght, the sample wss scraped from the dish, trensferred to =
bottle and stored in a desiccator until snalysed.

During the balance periods delly fecal collections were meade
in waxed containers. #~t the end of each balance period the fecsal
collecticnswere trsnsferred to a blender #nd blended for five minute
then made to volume in a two-liter volumetric flask, 'lhree samples
were measured into 100 ml., volumetric flasks, transferred to weilgh-
ed eveporsting dishes &nd dried partielly over a steam bath and
then under infra-red lsmps. After drying to constant weight the
sample was scrsped, ground and stored in tottles in & deslcecstor
until required for analysis.

The averasge weekly loss of welght was one kilogrum per person,
Fat - extraction method:

Approximstely t o greimns of the dried semple was welghed out
directly in an ether-extrccted extrection thirhle (welghed previous-
ly) in an analytical bslence. The samples were then extrescted in a
soxhlet apparatus for twelve hours,

The soxhlet spnsratus consists of a wide glass tube with a
side siphon, conrected st the bottom to a receiver flassk and fixed
to a condenser at the top. The appsratus 1is fil11tIed up on a water

bath and the condenser cooled vith a running stream of water from
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the tap.

After the water had been allowed to run for some time, ether
was poured into the recelver flask and the latter was fixed
Lightly to the soxhlet. The steam was turned on the water bath,
The ether evsporated, wes condensed in the concdensor snd allowed to
drop into the soxhlet tube with the extrsction thimble and the
semple In 1t, The ether dissolved the fst 1in the ssmple, and when
enouch of it collected, 1t wes sutomatic+1lly siphoned bac% into
the receiver., Thus the extrectior wess continuous., After the 12-
hour extrsction, the stesm was turned off, the avpsratus disconnect-
ed s#nd the thimiles cerefully removed with a pair of tongs, and left
in bezkers to dry in the air for s#n hour. They were dried in the
diéiccater efterwards for 18 hours before bteilng weighed. The dif-
ference 1In welghts gave the welght of fat extrscted from the sample
The percentage of fet iIn the glven samp’e wes calculsted from this
end from the recorded welght of the cried mesterial in the 250 ml,.

e welgld of fok v L

alicuot of the blended comvdosite,wes obtained. Finally the grams
of f=t 1n the welsht reduction clet for the given veriod per day
was calculeted #s snhown in Teble 1.

Fot extrsctions were mede of duplicste samples of btoth A
and B parts of the followlng welshed controlled neriocs:
1, 12, 14, 15, 17, -20 and 22.

The conditions for drving were stendardized in order to elirin-
ste any variation in moisture content.

* Fet extrzcti-ns of the fecel ssmples of one of the subjects

'L' for the folloﬁing bslance periods were made:
2, 6, 13, snd 21.

The emount of fat in the feces per day was calculated &s

shown in Table 2.



Results and Discussion

The averace welpghts of fat iIn the diets as obteined from
analysis by ether-extractioﬂ ere glven in Tstle 3. The fat contents
of the cdlet as ceslculated from the fecod tshles (U. S. Department
of Agriculture, 1950) ~re given in Tadble 4,

The delly everage welcht of fat in the welght-reduction di=t
23 crtelned hy extrrction waes 92.8 grnoms, wahile thrat celculrted
from food compcsition tables wes 100.2 grems ss shawvn in Table
. Thls result is in zsccorcdance with thet obtained v Thomas
et 2«1, (1950) who also found tl=t the fat ccntent of the diets
vas smaller when obtcined by anszlysis than the velues obtuineld
frorm food composition tables,

The fet content cf the diet:i analyzed fo:r the seven élfferent
periods varied fror 82.2 to 101.5 grams per dey (Teble O). The
actr 1l fet conten: of meet, a1C rathier intricate y prepered recipes
centeinlng high fet, hac been focund to very and fluctuste con-
siderably from thz veolues glven in good congositlon tsbles, Althoug
conditions of prep:ratisr, the scurce end cuts >f the meat (2as
all other foodstuffs used in the d°ets) were starderdized ss far
£s possi»la, 1t is 1ively thrt come fectors of vcrlables could
not te elizlnated. Furthermore, tere is nc nroof th=t the fat
extrection velues -re sbsoclutely correct. Teneted extrsctions of
dupiicute surp es need to te done 1ia order to get =ppreciabdbly
accurste results, The molsture content 1s an importznt fector in
cansing varistion in results, Although the conditloas for moisture
content were stendardized, in the present experinent, it cannot
be cleimed that ther were the same as t'cse conducted in other

1laborecstories.,



In the welght reduction diets, 2n aversege of 1,650 celories
per dey wes suprlied, of which =bout 360 calories were provided
from eporoximetely 90 grams of rrotein, 460 calories from about
110 grams of cerbohvdrste end the remaining 840 celories bhv shout
G0 eramrs of fat,

Tre averege dally welcht of fat in the diets obteined byw
sn~lysls wes ictuslly 92.2 egr-ms which provided 835 cslories
which 1s neariy 49 per cent of the totul calories (sversare
for the weight control periods snalyzed) 1n the doyv's diet,

The letter determined by the bomb calori eter, was 1,708 calories.

The fecel sarples of Subject L from the four balance periods
analyzed gave the results tsbulated in Toble 6. The fst ex-
tracted from thevfeces ranged from 2.65 to 3,65 grams per day
for periods II, VI, XIII. The validity of the rFsults obtained
for period XxXI is guestionable since the é;égggyal fecel sszmple
wes too small,for convenlent prepasration of the dry samp]e.‘ It
wag found th:-t 31.5 tol46.5 per cent of tha total calorie output

in the feces wes provided tv the fat content of the feces,
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Tatle II

Calculatd of rrezs of fet nrer coy in the frices cticined fro..

ien
fer the talance pericd 12.

m
f.
-
(]

Leipnt of backer o tninkle o

Leight of beaer o talntle 51660

52.091¢ 2.0/

Jeipht of sarm le 1.9262 2.7

Je

J2ipnt of begser o ARirtle @ sarple

efler zxtructicn 51./4723 ©1.AfR1

L2ight of fat extracts=d 0.L2f¢

Terce Lure of fut 0 the saurle 21.7 % .

. .. . .
eisht of drisd matericl in
AR

w1, eliquet h.2 L.
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Tatle II1

c) N

rat ceontent of the dicts as cbteinec by anzlysis.
Pericd Sample Sarple AvV2rige
AX AY Lve. EX LY Aive gma. fat/
day for re
11 S 1c( 53 70 70 T £

ny 2 Lans
(@ ~ 1
O o \O
[ala] [ \n
O jal O
O +- N
\D (@) \D
w [t A\UAl
L]
N
o —
o \‘.) A
= IS <
()
) (Vo) (¥s)
\n = -~
-
()] O O
= =~ I
L] .
\ at

ry
S
~
A
(2
O
™
-3
*
n
-
I8}
-
N
-3
-~

K . . e . 5
L.~ g i Cen B ves

Totel avarace wt. of fat per day from periods 11 -22= 9.6
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Tatle 1V

Fat content (celculetsd from tatles) of fcods included in menus during
seven dcy period of weight reduction diet.

MONDAY
Food Quantity. wt. in gms. Grs. fzat
Grapefruit and orange Juice 12D 0.1
Dges = 2 124 11.%
Tread 29 0.6
Euttcr 10 8.0
¥ilk LS 17.5
Perk Chep 125 32.5
Dreecoli 122 0.2
damturg 129 37.5
Creamed potatoes 100 2.0
Total fat content of the day's diet o o o ¢ o ¢ o o ¢ ¢ ¢ o o @ 109.9
TUESDAY

Crange Juice 100 0.2
Egrs 124 11.5
Fread <0 0.4
Futter 19 8.0
Vilk L5d 17.%
Lambt Patties 125 35.0
Pears, drained 13D 0.

Lettuce 15 -

Roast veal 1285 15.0
Peas 75 0.3
bButter 10 €.0
fyple szuce 170 D.2
Total fat centent « ¢ o . . e o s s o s o s s e s e o o 96
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Tzkle IV - continued

food

Qusntity. wt. in gm.

Crange juice

Lread

ilk

t'»at Loaf
Co*ta;e cheese

"rech tozatces

Sweet charries

109

12h

-~
(&S

foud
wuooom
(] @]

o]
ro

ul

80

0.l

Total fat content of the day's dict o o« o o o o « o o o o o o o o o« 102.5

T IUPSDAY

Gragefrult Jjuice 100 J.1
Eggs = 2 12L 11.5
Lutter 15 12.0
Iread ) S
ilk L3 17.%
wiss stezk, with 12% 16.2

fat for breilirng 5 5.0
Canliflcwor 1202 D.2
loeat perk 1zce 3¢.5
Eeets 120 0.1
Avricots 17" 2.1
Tetal fat contant of the da-'s Ciet o o o o . 93.8
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FRIDAY

Focd cuantity wt. in gm. gtr.

Tcmato juice 10 0.2

lgrs 12l 11.5

Tilk 159 17.¢
Eread N N7
Fekad white fish {Haddock) 125 2.9
Zauce 15_ 2.0
tzked zwact potatess 10 0.9
Za1lnen (Pink) 128 7.7
Colory <5 _
Yoromnuicne cg 10.5

Cranze & grapefruit juice ' 100 2.1
S 120 1.7

¥ilk L5) 17.5

daaburg <t 37.5

Tossed salad 170 c.2
French dressing | 1.C
Pork rcast 5 2.5
Feas 75 Je

)

Camnad neachss 1

=
\w
+
cr
£
0
[¢]
QW
<
Q
Y = =W

TC T Tov ceniend of tha Qo Tz die

¢
-
~
3
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TzFle IV con*inu=d

CULDLY
Food quartity wt. in gm. G
Crange Cne D
S22t roll 25 1.l
tutter 20 14.9

uilk 250 11.

Noast chicken 150 1f.9
Fr=ch tozato 120 Do
Lzttuce g 2.
Franch dressing c ) 1.
Cold m2at loaf 12% LD
arple 150 0.6
Totzl foi coatant of th2 day's diet ~9l.1
Talle V

Tutle showing tue daily intdke of fat on the weight radiction diet in a
seven-day period, as czlculated from food cospesiticn tahles.

OEN Gn. fat/dos
Mon. 103.9
Tiz2s. 9A L
‘ed. 102.5
Tliurs. 05,8
Fri. 01.1

Caily average 12).2
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Summsry and Conclusion

The fat contents of dried scmples of controlled weight
recduction diets for seven periods were determined by extrscticn
with ether in & soxhlet =ppsretus, under stendaré?zad4 conditions.
An averasge dally fat content of the dlet was czlcu’ated frcm the
seven-day menu using food composition tables, The aversge amount
of fat In the diet as obtalned bv ether extraction was found to
be 92.8 grams per cey which was lower than the amount estimated
by caiculation from food tables ~-- this being 100.2 grams per deay.
48 the dlet cont:ined & dally avercoe of 1,650 calories, tre Cat
provided nearly 49 per cent of these culories, F

The discrepuncy between the fat values of the diet obtained
by the two methcds could te due to varlous factors alresdy cited
in the review of litercture. However, it must be noted thet this
difference is not too gresat.

Tie dried fecs) samples of one of the subjects L on the fet
reductlion diet from four balsnce periods were also ether - ex-
tracted to determine the fat content of the feces. Approximately
3 grams of fet were excreted iIn the feces dally, and this formed

30 per cené of the total caloric output.
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