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Summary

In Acatenango, Guatemala studies were made of the dietetic intakes and requirements
of groups of families, in the following way: 40 families were studied for exactly one day
and a different group of 10 families was studied for exactly one week. This paper considers
what information can be gotten from the caloric data by removing the *effect of require-
ment”, points out important differences in the two types of studies, and shows how the
“‘one-week method” was improperly performed, but indicates how this data was able at
least partially to be salvaged. In particular, if it is important to see an “‘effect” of family,
then it is not satisfactory to perform the one-day method, and if the seven-day method is
used, the intakes must be recorded day-by-day and not just averaged over a week, lest
the effects of family and of day be lost.

It is demonstrated that the effect of family is extremely lmporta.nt in Acatenango and
that the effect of day of the week on caloric consumption is of very little importance.
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A diet without added fat induces abundant formation of cholesterol gall-
stones in young hamsters when the carbohydrate is furnished entirely or
mainly in the form of glucose, whereas the tendency to production of gallstones
is nil or very slight when the carbohydrate is furnished entirely in the form
of rice starch. The different influence of the two carbohydrates with respect
to gallstone formation in hamsters is paralleled by a difference in the com-
position of the bladder bile of that species; the ratio between lipid-soluble
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phosphorus and cholesterol and especially the ratio between bile acids and
cholesterol being higher when the dietary carbohydrate is rice starch than
when it is glucose (1).

Rearing of young mice on a fat-free diet with glucose as carbohydrate did
not induce formation of gallstones, and analyses of the bladder bile from mice
on such a diet showed that the ratio between bile acids and cholesterol was
somewhat higher, and the ratio between lipid-soluble phosphorns and cho-
lesterol much higher than previously found for hamsters reared on fat-free
glucose diet. (2).

Nevertheless, it could be thought that also in mice a diet containing rice
starch instead of glucose would yield higher values for the above-mentioned
ratios than does the glucose diet.

The present study served to test this possibility. The results clearly showed
that the rice starch diet had no such effect.

Thus, the markedly different influence of the two carbohydrates on the
composition of bladder bile of hamsters is not a general principle applying to
all species of rodents but rather a feature peculiar to hamsters.

Experimental

The mice were young from our stock colony of white mice (Strain NMRI}), 33-39 days
of age at the beginning of the experimental feeding. They were housed in metal cages
with wire screen bottom and given the experimental diets indicated in table 1. Diet and
water were available ad libitum during the feeding period which lasted from 42 to 45 days.
At the end of the feeding period the mice were fasted over night, and the following morning
allowed to run in a rotatable cylindrical cage for about 2 hours before being killed with
chloroform. Laparotomy was immediately performed; a glass tube ending in a capillary
was inserted into the gallbladder and bile drawn into the tube by suction. In most cases
it was necessary to collect bile from several (2-7) animals into the tube in order to get

Table 1. Diets

No. 1 No. 2 No. 3

g g g
Casein, crude!) 20.0 20.0 20.0
Glucose 74.3 62.3
Rice starch 12.0 74.3
Salt mixture?) 5.0 5.0 5.0
Vitamin mixzture?) 0.5 0.5 0.5
Choline chloride 0.2 0.2 0.2

100.0 100.0 100.0

1) “Dairinex”, from Dansk Mejeri Industri & Export Kompagni, Stege, Denmark.

?) McCoLLuM & SmMMoNDS no. 185 (E. V. McCorrvM & N. SmmonDs, J. Biol. Chem.
33, 55-89, 1918).

3) The vitamin mixture used in the paper by Dam, Prance and CHRISTENSEN, Z.
Emﬁhmngswiss. 6, 97-106 (1965).
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samples sufficient for each set of analyses {(cholesterol, lipid-soluble phosphorus and bile
acids). Usually, the gallbladder of the females contained more bile than the gallbladder
of the males. The pooled bile (25-40 mg, weighedin the tube) was blown out of the tube,
and suitable quantities speedily measured by means of Carlsherg pipettes {constriction
pipettes), 5 microliter being used for determination of cholesterol and lipid-soluble phospho-
rus, 3 microliter for determination of taurine-conjugated bile acids. All determinations
were carried out in duplo.

The samples to be used for determination of cholesterol and lipid-soluble phosphorus
were extracted with 300 microliter of a mixture of absolute ethanol and acetone (1:1) in
a small (4.5 ml) centrifuge tube with polyethylene stopper in a water bath at 70-80 °C
for 5 minutes. After violent shaking in a shaking apparatus (Microid Flask Shaker, Griffin
& George, Ltd., England) and centrifugation, the supernatant was transferred into a 2 ml
measuring flask by a Carlsberg pipette. The residue was reextracted twice with 100 micro-
liter of the ethanol acetone mixture and filled up to 2 ml in the measuring flask.

For determination of lipid-soluble phosphorus, 400 microliter of the content of the
measuring flask (corresponding to 1 microliter bile) were transferred to a Pyrex test tube,
evaporated in a stream of nitrogen and incinerated with 50 microliter perchloric acid
(70-722,) over a micro-burner for about 5 minutes, until the brown color had disappeared.
Thereafter the content of phosphorus was determined by means of ammonium molybdate
and amino-naphthol-sulfonate according to the method of W. M. SPERRY (3) using one
tenth of the quantity of reagent indicated in the description of this method. After 10 min-
utes at room temperature, the absorbance at 330 nm was read in a Beckman Spectrophoto-
meter (in semimicro-cuvettes) against the reagents plus water. A solution of sodium
phosphate in water containing 0.204 microgram P in 300 microliter served as standard.

For determination of cholesterol, the rest of the content of the measuring flagk (1.6 ml),
corresponding to 4 microliter bile, was transferred quantitatively into a eentrifuge tube
and evaporated at 70 °C in a stream of nitrogen; 500 microliter chloroform was added
and the mixture shaken violently in the shaking apparatus. After centrifugation, the
supernatant was transferred into a conical centrifuge tube, and the residue reextracted
3 times with 200 microliter chloroform. The combined extracts were evaporated under
nitrogen, taken up in chloroform and chromatographed (ascending) on paper as described
by HansEN & Dam (4). Cholesterol was determined in the eluate by the method of
Zrarrys as modified by Haxsex & Dam (4).

Taurine-conjugated cholic acid and taurine-conjugated chenodeoxy - deoxycholic acids
were determined by ascending chromatography on Whatman 3 MM paper using 70%
formic acid as the stationary phase and isoamylacetate:heptane (85:15) as the mobile
phase as described by Ss6vaLL (5).

No attempt was made to determine trace amounts of other taurine-conjugated bile
acids occuring in mouse bile.

Paper chromatography of several 3-microliter samples for glycine-conjugated bile
acids according to Sy6VALL (6) gave no visible spots. Since DaNtELsON & Kazuwo (7)
have found that in the mouse, bile acids are present in bile exclusively as taurine-con-
jugates further attempts to detect glycine-conjugated bile acids were not made.

Neither was pg of the bile determined, since in our previous studies with hamsters {1)
the pa of the bladder bile was essentially the same whether the dietary carbohydrate was
glucose or rice starch. A few determinations of py of bladder bile of mice on glucose diet
(2) had given values of 7.4 to 7.8, i. e. essentially the same values as these found for
hamster bladder bile.

Results and discussion

None of the mice in any of the groups had gallstones, but in several cases
small gelatinous lumps were observed in the bladder bile, especially in bile
from mice reared on the two diets containing glucose.

The results of the bile analyses are presented in tables 2, 3 and 4.



ice 203

m mice

arL+ aL+ 9L =1

¢ ploe oljoyoAxoepome} 4 pioe oijoqoLxoapouspome)} = (I, + dDL
fpro® ofoyo0Ime} = N[,

fBO[BRIIS] == J

H. Dam w. Mitarb., The relationship between diet and composition of bladder bile

$8O[BTL = Wi :SUOHPIAJIQQY (4

%0'0F
TOT8T 60Fe86 TETe801 o810
03 gL A 610 €01 €91 1.8 0°€g 89 o £ b 41
¢l 9 %6 o010 199 %9 665 I 7L 152 £ I u
71 16 9'g1 LTO0  91L 201 €19 919 N 5 g I oot
'3 911 A 7 c0  L'68 22 £'S8 6'z¥ Le 57 g I 6
03 %6 €81 110 098 98 PLL e LY 15 1 I s
¢l 131 781 910 99 16 g6 TF ag i 2 % }oL
90°0 F
TOFTZ 80F:8L TTTe9T 830
€3 ¥'G $31 610 OTF L9 €3¢ 6°L1 £¢ 54 ¢ w9
%8 08 081 €0 98 063 oeg L'L8 L'y ep ¢ w g
81 g1 %03 020  L'%9 801 6€S 6'98 %e (54 3 w P
2% 18 9'81 610 899 9'01 799 065 9'¢ ¥ L woog
03 8L 601 1’0 906 LIt 6'8L Ty Le 4 g W g
% €9 071 g0 6.8 66 0'8L ¢'68 £9 &b g O |
d fos-pidry  [019989[04)  [OXOSS[OY) WL, [/[oW [flom /oW /o™  [Jowm  s&ep ojdwmes ofiq spew
€ d 'fes-pudry €I 1q d ‘Burpesy 03 Sunnqin -rwe  ‘ON
s[qnjos (03938 jo -uoo spewirue Jo ojdwes
SO1Y21 JB[OY L al + agl OL -pdry  -s[oyp uopeIn( Jo lequnN xogy ofif

(3 poppe ou pue 9s0on[8 % ¢ FL SUrurejuod s)9Ip UO PITLSI IIWI JO 9[iq ISppeRlq I0F BYe( "7 21991



haft, Band 9, Heft 2/3

hrungswissenso

g

Zeitschrift fir E:

204

100+

TOTHT 60TFe98 TZTFHFSI  oST0

o1 o8 %8l g0 9BL ¥6 %'€9 0'L¥ o'g oy 2 J <%

91 %01 191 g0 876 A 9'¢8 309 6'C 1574 g } ¥

71 011 38l cro L9 18 9'gQ L'0g 9% £ 4 J €3

73 g ¢el 600  ¥¢8 L9 L'SL gog ¥9 54 2 3} 2

L' 76 1'5% 810 €901 661 368 ¥'68 8 2 152 1 ¥} 13

81 £9 1 LT0O 98 021 o'zL 1152 oL 4 4 J 03

300 F
10F.2% LoF.8L TIF.OLL 850

%% 89 891 ST0  @9¢ ) LSy 6'03 8'g 6% 2 w6l

& 99 6'S1 €60 628 Q0% 729 25 %'g 152 9 w o8I

¥z ZL oLl 180 198 o'eE 2'€9 898 s 574 2 m L]

0% 0'6 £'81 S10 TS 9'6 9'g9 1'9¢ oy 24 ¥ w g1

0 g1r L°%2 ore  Lg9 09 L'6g L'38 6'2 W 1 @ C]

61 gL L'gl 610  Z8L o'zl N 91y L'e 52 L w BT

ez L9 T'LT 250 9% oLl g'8L 6'L8 9°C 42 g w gl

d1ospdr] [omgseloy) [oWEOOY)  MI,  [IOWW  [OWwW  [lowwm YloWww [/lowwm  s&ep  opdues s[q s[sw
I d "fos-prdrg Ry iq d ‘Burpeey 01 Sonnqun -fue “oN
spqnjos [o3s98 Jo -uod speurtue  Jo o[dwes

801}81 JR[OJ] I ai+apl oI -pdryp  -epoy) uopem Joquny Xog ofg

%] pappe ou pue [oIs)s IO .Xuﬂﬁ .QmOoﬁ—w chMNQ WESQOQ 991p B U0 PaIB3I SOIWI JO O[1q J9ppe[q 103 B)e(] °¢ 219V, 7



H. Dam u. Mitarb., The relationship between diet and composition of bladder bile in mice 205

200 F
ZOTFeUs  90Fe99 LTIFe6ST  oLI0
Z3 ] L'81 930 59 1'gl 1204 0'62 ¥e 62 4 3 ee
93 69 6.1 610 1°26 0'g1 108 8'9¢ g oy ¥ ¥ se
%3 g9 FI £10 £6L 16 ZoL 8°Gg g'g g 14 FoLe
83 1 1'%l g1°0 086 901 728 o'gg 99 15 g ¥ oo
I 19 €8 310 6% ¥'g T £9¢ 0'9 157 1 ¥ oge
91 ¥9 z'01 020 %8¢ L6 o'8y 998 Ls 2 4 RO
£00 F
Z0TeEE FOTeb6G 90FoLET 4930
9 19 191 180 68L gL 9'9¢ %'9% 9% 67 ¥ W gg
¢'g ¥'g ¥el 1£0 g'ge 931 6'0¥ 713 (154 g £ w3
11 %4 Z11 310 1°69 o'l 329 692 %9 £ £ w g
€3 69 9'¢T $6°0 gy P11 688 661 (¥4 154 9 w g
9z 0g T¢l 130 2’90 9'6 9°CP 4l 4 7 k47 ¥ W 63
93 6'g 241 910 3eg 6'8 £36 05 157 i £ W g3
8'1 gL ¥¢I LT°0 L'g9 IN] 098 8'gg 6% ¥ g W g
61 £9 LTI ge0 gL 171 o'z 808 6F 4 4 9 w93
Jfos-pudr] [orogso[oq)  joIgsdoy) MY [/IOWW  {flow®m  ploWw [/lowm  [/lowm  sfep  efdures ofiq spem
L d ‘fos-pudry N7 a d ‘Bupooy 03 Supnquy e oy
o[qnjos [o1y8 Jo -uoo srewius  Jo ojdures
BOIBI IP[O]] L dL+adi oI  -pdrp -ejoy) uopwm( JO QU X8  ofig

98] PIPpe OU pue Yorr3s a0l % ¢‘py, Fulurejuoo s91p WO porear SO JO OfIq JOPPY[] I0f BI8( 'F 2190,



206 Zeitschrift fir Erndhrungswissenschaft, Band 9, Heft 2[3

Evidently, the diet containing 74.3%, rice starch has not produced higher
values for the ratios taurine-conjugated bile acids/cholesterol and lipid-soluble
phosphorus/cholesterol than has the diet containing 74.39, glucose or the diet
containing 62.3%, glucose plus 12%, rice starch. On the contrary, the values
for these ratios tend to be slightly lower for the animals on the rice starch diet
than for the animals on the two diets containing glucose.

Since the content of taurine-conjugated bile acids in mouse bile is equal
to or almost equal to the total content of bile acids, it is of interest to notice
that the values for the ratio taurine-conjugated bile acids/cholesterol found
for mice on glucose diet in the present study are not much higher than the
values for the ratio ‘‘total bile acids”’/cholesterol previously found for hamsters
on glucose diet (1). The values for the concentration of cholesterol in bladder
bile of animals on glucose diet are not much different for the two species,
and previously, no difference was found with respect to pg. Therefore, the
present findings strengthen the view that the non-appearance of cholesterol
gallstones in mice on glucose diet depends upon the relatively high ratios
between lipid-soluble phosphorus and cholesterol, provided that differences
with respect to other factors such as the individual bile acids or components
not, determined to not play a decisive role.

Since the above-mentioned conclusions with respect to the composition
of the bile could be reached on the basis of the data presented in tables 3, 4
and 5, we did not analyze the bile from all the mice raised on the diets (about
80 in each group).

The mice grew fairly well on all three diets, fastest on the diet containing
62.3%, glucose and 129, rice starch, slowest on the diet containing 74.3%
glucose (table 5). Gross signs of deficiency of essential fatty acids were no
observed within the experimental period.

In experiments with hamsters (8), it was noticed that on rice starch diets,
the feces were sometimes light colored indicating that undigested starch had
passed through the intestinal tract. Later unpublished observations showed
that the weight of the feces dried i» vacuo over P,0¢) from 3 male and 3 female
hamsters during 10 days equalled 2-6%, of the diet consumed when the carbo-
hydrate was glucose, but from 10-169%, when the carbohydrate was rice starch,
paralleling a degree of digestion of the rice starch varying from 98.5 to 87.5%,.

A similar difference with respect to appearance and weight of the feces
could not be found for mice. The color of the feces {collected from 7 males and
7 females in each group through 8 days from the 33rd day of experimental
feeding) was brown to black, and the weight after drying in wacuo over P,0;
varied between 2.2 and 2.8 per cent of the diet consumed irrespective of
whether the dietary carbohydrate was glucose or rice starch.

It is not possible at present to answer the guestion whether the marked
difference in bulk of the feces from hamsters on glucose diet and hamsters on
rice starch diet is in some way related to the observed difference with respect
to composition of bladder bile from hamsters on these two diets, and con-
versely, whether the absence of a similar marked difference in bulk of the
feces from mice on glucose diet and on rice starch diet, respectively, is related
to the absence of a corresponding difference with respect to the composition
of bladder bile from mice on the diets in question.
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Table 5. Weight and weight gain during six weeks of mice raised on the three diets. Standard deviations is indicated by +

Animals from which

All animals raised on

bile was collected

the three diets

Weight gain ~ Number Weight Weight  Weight gain

Weight
after

Sex Number Weight
6 weeks

Dietary

carbohydrate

during
6 weeks

at during of mice at after
start 6 weeks

start

of mice

6 weeks

g
224408
21.14+0.6
2274 0.7
20.84-0.6
22.34+0.7
20.64 0.7

1164+ 1.1
1034+ 1.6

34.740.7
31.24-0.9
37.34 0.3
344406
34.34-0.7
333413

23.14 0.8
209113
22.9+ 0.8
21.740.9
21.84 0.8
2144 1.5

29
14
31

114411
10.44+0.7
1374+ 1.1
12.64- 0.7
12,54-1.0
1204 1.0

33.840.7
31.54+0.5
36.44-0.8
334405
34.840.7
32.6-£0.7

40
40
39

74.3%,

glucose

144109
127+1.1
12.54-1.0
11.94-2.0

62.3% glucose

15
32

42
40

f

—+129%, rice starch
14.39, tice
starch

15

41

Summary

Three groups of young white mice
(strain NMRI) were reared on artificial
diets without added fat, consisting of
casein 209, carbohydrate 74.3%, salt
mixture 5%, vitamin mixture 0.5%, and
choline chloride 0.2%,. Group 1 received
the carbohydrate entirely in the form of
glucose, group2received the carbohydrate
in the form of 62.3% glucose + 129
rice starch, whereas group 3 received the
carbohydrate entirely in the form of rice
starch.

After having received the diets for
42-45 days the mice were killed and
their bladder bile analyzed quantitatively
with respect to cholesterol, lipid-solable
phosphorus and taurine-conjugated bile
acids. The object being to determine
whether in mice the diet in which all the
carbohydrate is rice starch produces
higher ratios between bile acids and chol-
esterol and between lipid-soluble phos-
phorus and cholesterol than do the two
other diets. No evidence for such an effect
of the rice starch diet was found. The
average values of the above-mentioned
ratios were even slightly lower for the
animals in group 3 than for the animals
in groups 1 and 2. Therefore, the pre-
viously found markedly different effect
of the two carbohydrates, rice starch and
gluicose, on the composition of bladder
bile of hamsters does not represent a
general principle applying to all species
of rodents.

Zusammenfassung

Drei Gruppen von jungen Miusen
(Strain NMRI) wurden mit kiinstlichen
Nahrungen ohne Fettzusatz gefiittert.
Die Nahrungen bestanden aus Casein
20%, Kohlenhydrat 74,3%, Salzgemisch
5%, Vitamingemisch 0,5% und Cholin-
chlorid 0,2%,. Gruppe 1 erhielt das Koh-
lenhydrat ginzlich in der Form von Glu-
cose, Gruppe 2 erhielt das Kohlenhydrat
in der Form von 62,3% Glucose + 129%,
Reisstiirke, wihrend Gruppe 3 das Koh-
lenhydrat giinzlich in der Form von
Reisstiirke erhielt.
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Nach einer Fiitterungszeit von 42 bis 45 Tagen wurden die Miuse getitet, und ibre
Blasengalle auf Cholesterin, lipid-léslichen Phosphor und taurin-konjugierte Gallensiuren
quantitativ analysiert, um festzustellen, ob bei dieser Tierart die Nahrung, in welcher das
Kohlenhydrat ginzlich aus Reisstirke besteht, héhere Werte der Verhiltnisse zwischen
Gallensiduren und Cholesterin und zwischen lipid-l6slichem Phosphor und Cholesterin
herbeifiihrt, als die beiden anderen Nahrungen. Die Ergebnisse zeigten, daf dies nicht der
Fall ist. Die Mittelwerte jedes der erwithnten Verhiltnisse waren eher ein wenig niedriger
fisr Gruppe 3 als fiir Gruppe 1 und Gruppe 2. Die frither gefundene Tatsache, dafi bei
jungen Hamstern, die Nahrung, in welcher das Kohlenhydrat giinzlich aus Reisstirke
besteht, zu héheren Werten der erwahnten Verhaltnisse fiihrt als die Nahrung, in welcher
das Kohlenhydrat aus Glucose besteht, ist somit nicht als ein fir alle Arten von Nagern
allgemein geltendes Prinzip aufzufassen.
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Uber Selengehalte pflanzlicher, tierischer und anderer Stoffe*)
1. Mitteilung: Selengehalte in Futtermitteln

Von W. OrrscurLicEr und K. H. MENKE

Mit 2 Tabellen
(Eingegangen am 25. September 1968)

Im Jahre 1957 ist Selen, das seit 1842 biologisch lediglich wegen seiner
Giftwirkung Beachtung fand, zu einem fiir die Ernéhrungsphysiologie und die
praktische Tierhaltung sebr interessanten Element geworden, als ScHWARZ
und Forrz (1) in Selen ein lebenswichtiges Spurenelement fiir hohere Tiere
erkannt haben.

*) Die Untersuchungen wurden mit Mitteln der Deutschen Forschungsgemeinschaft
durchgefiihrt, fiir deren Bereitstellung an dieser Stelle der Dank ausgesprochen werden soll.



