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Effectiveness of Detergent Solutions 
L. K. BRADACS and W. SCHETELIG, The Coca-Cola Export Corporation, Essen, Germany 

Abstract 
A laboratory method was developed to evaluate 

quant i ta t ively  the effectiveness of various de- 
tergent  solutions in the removal of different types 
of soil f rom flat glass surfaces. The influence of 
t empera ture  and detergent  concentration on the 
eleaning process was studied. 

Introduction 

T HE PURPOSE Of this s tudy was to develop a quanti- 
tat ive method for the comparat ive evaluation of 

the cleansing effectiveness of various detergent com- 
pounds used in bottle washing on an industrial  scale. 
The only means of evaluating such compounds unti l  
now has been in actual  plant  operation. This is ex- 
pensive and it  is generally difficult to in terpre t  the 
results meaningful ly  because of lack of adequate con- 
trol over impor tant  variables. Of these, the quant i ty  
and the nature  of the soiling material ,  which is of 
p r i m a r y  importance,  is completely beyond the control 
of the experimenter.  In  addition, in such plant  tests 
it is extremely difficult to express any results in t ru ly  
quant i ta t ive terms. 

To overcome these problems the authors had to 
develop : 

1) s tandard  soils believed to be typical  for con- 
taminants  encountered in the beverage indust ry  
which eould be applied in a reproducible way on 
glass surfaces ; 

2) a method to t rea t  the soiled glass with the de- 
tergent  to be tested under  careful ly controlled 
and reproducible conditions; 

3) a method to measure accurately the amount  of 
soil before and af ter  t rea tment  of the glass with 
the detergent  to be tested. 

Experimental 
Soils. Three s tandard  soils were developed: a fa t  

type, a protein type, and a soot type  soil. They proved 
to be reproducible in characteristics, easily applicable 
on glass surfaces without  flaking, near ly  insoluble in 
water, and general ly similar to soils encountered in 
industr iaI  bottle washing. The soot type soil was 
composed to imitate the soiled bottles being re turned 
f rom smoky greasy heavy indus t ry  establishments 
such as coal mines, foundries,  etc. All soils contained 
a soft  dr ink syrup  consisting of 55% sugar, caramel, 
0.2% phosphoric acid, and flavoring extracts.  To the 
fa t  and prote in  type  soils a stabilizer solution had to 
be added to prevent  a separation of soil components. 
I t  consisted of a sa turated solution of gum arabic in 
glycerin-water  1:1. The fluorescent component in the 
fa t  and protein soils (see below under  A~talytical) 
had to be water  insoluble but  homogeneously dispersa- 
ble in the soil. The aromatic  hydrocarbon perylene 
met with both requirements.  The composition of the 
s tandard  soils is given below. 

F a t  soil: 100 g coco fat,  Palmin,  Margarine-Union 
GmbH.,  Hamburg ,  Germany  
100 g condensed milk (10% fat  content) 
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Protein soil: 

Soot soil : 

5 g soft dr ink syrup  
2 g stabilizer solution 

30 cc perylene in dioxau 

35 g fresh egg albmnen 
100 g condensed milk (10% fat  content) 

5 g soft drink syrup  
2 g stabilizer solution 

30 cc perylene in dioxan 

0.3 g carbon black, Neospectra, K. Her-  
berts, Wupper ta l -Barmen,  Germany 
20 g Esso nmtoroil H D  30 
40 g condensed milk (10% fat  content) 
2.5 g soft dr ink syrup.  

Washi~~g proce&ere. The soil was applied with a 
rubber  roller on microscope slides (26 • 76 • 1 ram),  
which had been cleaned in a mixture  of chromic and 
sulfuric acids. The soiled plates were dried at 100C 
and checked with the fluorometer. Only those plates, 
giving a reading between 99-101, were used. The 
weight of soil was 1.2(6) mg per em e. A circle with 
a diameter  of 2.6 em was used for the readings. 

The plates, by means of a special mount,  were at- 
tached radia l ly  to the vertical shaft  of a variable 
speed laboratory  st irrer,  their  long axis parallel  to 
the shaft. They were immersed into a two liter glass 
beaker containing 1600 ml detergent  solution. The 
beaker was inside a thennostat ie  bath for  exact tem- 
pera ture  control. Since the purpose of the present  
work was to s tudy the effect of temp and of the type 
and concentration of detergent,  the rate of s t i r r ing 
was kept  constant throughout  all experiments. I n  
order to make comparisons more meaningful ,  the ve- 
locity at which detergent  moved across the glass 
surface had to be of the same order of magni tude as 
the rate of flow in commercial bottle washers. Since 
in most washers, also those of the spray  type, the 
l imiting factor  is the velocity at which the liquid can 
flow by grav i ty  out of the neck, the s t i rr ing rate  was 
kept quite low so as to ensure laminar  flow. i t  was 
found that  at 62 rpm, the axis of the plate being 
3, 1 cm removed f rom the shaft  axis, there was a eon- 
s tant  renewal of the liquid in contact with the plate 
without  causing an erosive action. Higher  s t i rr ing 
rates caused uncontrollable turbulent  flow result ing 
in i r regular  cleaning action. Af te r  each minute  of 
washing, the glass plates were rinsed with tap water, 
dried 30 rain at  100C, and the fluorescence or light 
t ransmit tance  measured as described below. 

A~talytical. The incorporat ion of a fluorescing 
agent  as an indicator  in the fa t  and protein soils made 
possible accurate measurement  by means of a sensitive 
fluorometer (B. Lange, Berlin) of the quant i ty  of 
soil on the plate  before and af ter  t rea tment  with the 
detergent.  With  the soiled plate inserted, the gal- 
vanometer  reading' was set at 100. Af te r  every sue- 
eessive t rea tment  with detergent,  the plate was placed 
in the ins t rmnent  and the galvanometer  reading noted. 
A blank value correction had to be applied to every 
reading in order to eliminate variat ions due to slight 
differences in the quali ty of the glass plates. I t  
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FIG 1. Inf luence  of t e m p e r a t u r e  and. concent ra t ion  on the  

effect iveness  of  N a O H  solut ions.  F a t  soil. 
Curve 1, 2, 3: 3% N a O H  at  70C, 60C, and  40C. 
Curve 4, 5, 6: 2% N a O H  at  70C, 60C, and  40C. 
Curve 7, 8 : 1% N a O I t  a t  60C, and  40C. 
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FIG. 2. Inf luence  of t e m p e r a t u r e  and  concen t ra t ion  on effec- 
t iveness  of  N a O I t  solut ions.  :Protein soil. 
Curve 1,2,3: 3% N a O H  ] 
Curve 4,5,6: 2% N a O H  ~ a t  70C, 60C, and  40C. 
Curve 7,8,9: 1% N a O H  J 
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Fro. 3. Influence of temperature and concentration on effec- 

tiveness of NaOK solutions. Soot soil 
Curve 1, 2, 3: temp 70C, NaOH cone 1%, 2%, 3%. 
Curve 4, 5, 6: temp 60C, NaOH eonc 1%, 2%, 3%. 
Curve 7, 8, 9: temp 40C, NaOK cone 1%, 2%, 3%. 

should be noted tha t  this method would  lead to 
er roneous  conclusions if only the surface  and  not  the 
total  fluorescence were measured.  The results  below 
prove tha t  this is not  the case. 

Uni ts  of 
Uni ts  of i n t ens i ty /  

mg soil in tens i ty  mg  soil 
10.5 30.0 2.86 
10.2 30.0 2.94 
20.2 59.1 2.93 
20.4 58.2 2.85 
30.3 88.3 2.91 
30.1 87.3 2.90 

The in tens i ty  of fluorescence of six pla tes  on which 
three different thicknesses of soil were appl ied (meas- 
sured by  weight  of soil as plates  were of equal area> is 
c lear ly  p ropor t iona l  to the quan t i t y  of soil on the 
plate  in the range  of soil thicknesses used in this work.  

The presence of carbon black in the soot soil was 
shown in a series of p r e l imina ry  tests to in te r fe re  
with the accura te  measurement  of of fluorescence. Be- 
cause of this, the effectiveness of detergents  in the 
soot soil s tudies was measured  by  l ight  t ransmiss ion 
us ing a densitometer .  The ga lvanometer  was set to 
read 100 when a carefu l ly  cleaned glass plate  was 
inser ted in the ins t rument .  Then  the t r ansmi t t ed  
light,  t h rough  plates soiled wi th  soot soil, was meas- 
u red  before  and  af te r  successive t r ea tmen t  with de- 
tergent .  Soiled plates with l ight  t ransmiss ion (before 
washing> outside a na r row  range  set fo r  100% soiled 
plates were discarded.  Results  are expressed in this 
case in terms of % washing effect as follows: % W E  = 
100 (a2 - a l ) / ( 1 0 0 -  al) where al = ga lvanometer  
read ing  before washing and  a2 = ga lvanometer  read- 
ing a f te r  washing.  

R e s u l t s  a n d  D i s c u s s i o n  

To establish a base line for  compar ison purposes,  
a p r e l imina ry  series of runs  was made,  using tap  
water  with total  and  t e m p o r a r y  hardness  of 75 and  
35 p p m  respect ively expressed as calcium carbonate.  
The results  showed tha t  at 40C af te r  4 rain no t  more  
than  34% washing  effect was obtained. A f t e r  8 rain 
this had  increased to not  more  than  36.6%. 



M A R C H ,  1 9 6 4  

T A B L E  I 

I n f l u e n c e  of T e m p e r a t u r e  a n d  Concen t ra t ion  on Effec t iveness  of a 
Compound  D e t e r g e n t  
F a t  a n d  P r o t e i n  Soils 

% Commerc ia l  
d e t e r g e n t  T e m p  ~ 

1 40 
1 60 
1 70 

40 
60 
70 

40 
60 
70 
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Min  r e q u i r e d  for 
100% cleanl iness  

F a t  soil P r o t e i n  soil 

7 8 � 8 9  
6 � 8 9  7 � 8 9  
6 7 

6 7 
5 � 8 9  6 
5 5 � 8 9  

5 5 � 8 9  
4 � 8 9  5 
4 4 � 8 9  

With the protein soil, even at 70C after  8 rain, 
the washing effect did not exceed 22% whereas af ter  
4 rain it amounted to 20.5%. The nmnerieal data 
show that  af ter  about 4 rain washing with tap water, 
there is very  little fu r ther  effect, and that the asymp- 
totically reached value is only slightly affected by 
temperature.  

Influence of temperature and concentration on the 
cleaning effectiveness of a NaOH solution applied on 
a fat, protein and soot soil. Since NaOH is the major  
constituent of detergents for  industrial  bottle washing, 
it was important  to s tudy the effect of temperature  
and concentration on the cleaning action of solutions 
of NaOH. Results show in Figures 1, 2 and 3. 
Results show clearly that  NaOH solutions are more 
effective in removing fat  soil than protein soil, which 
is to be expected. They also confirm the expected 
effect of increased temp and increased concentration. 
The difficulty in removing the soot soil is immediately 
apparent,  and points to the fact that  a discussion 
about efficiency of detergents is ra ther  meaningless 
unless referred to a specific type of soil. 

Influence of temperature and concentration on the 
cleaning effectiveness of a typical commercial bottle 
washing compound. A number of English and German 
compounded detergents were tested. Typical  results 
for  a compound, consisting of ca. 80-85% NaOH plus 
5-10% polyphosphates, plus 5-10% silicates, are 
given in Table I and Figure  4. 

Comparison of results in Figures  1 and 2 and 
Table I shows that under  identical conditions of tem- 
perature  and concentration the compounded detergent 
removes 100% of the soil in a contact-time of 1.5-3 
rain shorter than the pure NaOH solutions. This is 
of importance in increasing plant capacity for a given 
size of bottle washing machine. 

In removal of soot soil (Fig. 4) commercial corn- 

T A B L E  
Effec t  of Add i t i ve s  on C lean ing  Act ion  of N a O H  

(Conc  of combined  N a O t t  and  
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F I e .  4.  I n f l u e n c e  o f  t e m p  a n d  c o n e  o n  e f f e c t i v e n e s s  o f  a 
c o m p o u n d e d  d e t e r g e n t  a t  70C.  S o o t  so i l .  C u r v e  1 a n d  2 :  
B o t t l e  w a s h i n g  p r o d u c t  B 3 %  a n d  2 % .  C u r v e  3 a n d  4 :  P r o d u c t  
A 3 %  a n d  2 % .  C u r v e  5 a n d  7 :  P r o d u c t  C,  3 %  a n d  2 % .  C u r v e  
6 :  2 %  P r o d u c t  D .  C u r v e  8 :  2 %  P r o d u c t  E .  C u r v e  9 :  3 %  
N a O H .  

pounded detergents are also much more effective than 
NaOH alone. Nevertheless, even for such detergents 
a contact-time of 45-55 rain is required for  complete 
removal of the soil. 

Effect of additives on cleaning action of NaOH 
solutions. Chemical compounds, such as trisodium 
phosphate, polyphosphates, sodium silicate, sodium 
glueonate, and others have been used as additives to 
NaOH solutions for the purpose of improving the 
washing efficiency of the latter. I t  was necessary to 
undertake a systematic s tudy of the effect of such 
additives. The results obtained are in Table I I  for  
fa t  soil, Table I I I  for protein soil, and in Figure  5 
for  soot soil. 

These results show that  the addition of a commer- 
cial polyphosphate mixture to NaOH in proportions 
of 2:20 parts of polyphosphate/100 parts  of combined 
NaOH and polyphosphate improves the performance 
of the detergent mixture noticeably. The admixture,  
however, of 10% polyphosphate is a practical opti- 
mum since the advantage gained by fu r the r  increases 
to 15 and 20% is small. Additions of gluconate are 
seen to be considerably more effective than additions 

I I  
Solut ions in  % W a s h i n g  E f f e c t - - F a t  Soil 

add i t ive  2 %  ; t emp  6 0 0 )  

Mix tu r e  

80 NaOH 4- 20 Calgon ................................. 
85 N a O K  4- 15 Calgon ................................. 
90 N a 0 H  + 10 Calgon ................................. 
98 I q a 0 H  4- 2 Calgon ................................. 
90 N a O I {  + 10 sod ium ................................. 

levulo-heptonate  ............................. 
90 N a O K  4- 10 NaaPO4 ............................... 
N a O H  ................................................................. 
80 N a O H  4- 20 g luconate  ............................ 
90 N a O H  4- 10 g luconate  ............................. 
95 NaOI-I  4- 5 g lucona te  ............................ 
98 N a O H  4- 2 g lucona te  ............................. 
99 N a O K  4- I. g luconate  ............................ 
99.5 N a O H  4- 0.25 g luconate  ............................ 
78 N a O K  ~- g lucona te  ............................ 

-F 20 metas i l i ca te  ......................... 
88 N a O I {  4- 2 g luconate  ............................ 

-F 10 metas i l i ca te  ......................... 
79 Na01-I 4- 1 g luconate  ............................ 

4- 20 nmtas i l ica te  ......................... 
89 N a O H  4- I g luconate  ............................ 

q- 10 metas i l i ca te  ......................... 

1 

76.2 
74.8 
73.4 
59.0 

72.0 
67.0 
50.0 
87.5 
86.4 
86.3 
85.6 
85.5 
85.3 

89.8 

89.0 

89.6 

88.9 

2 

88.0 
87.0 
86.0 
74,2 

84.6 
81.6 
70.0 
95.6 
95.0 
94,8 
94.3 
94.2 
94.0 

97.2 

96.8 

97.0 

96.6 

W a s h i n g  t i m e  in m i n  

3 

94.6 
93.9 
93.2 
84.8 

92,8 
91.0 
82.4 
99.0 
98.7 
98.6 
98.3 
98.3 
98.2 

100 

100 

100 

100 

4 

98.0 
97.6 
97.2 
92,0 

97.4 
96.4 
90.8 

100 
10O 
100 
100 
100 
10O 

4 � 8 9  

99,0 
98.8 
98.6 
94.8 

98.7 
98.0 
93.8 

5 5 %  6 

99.5 99.9 100 
] 99.4 I 99.8 / 100 

96.8 98.3 99.3 

99.4 l 99.8 ] 100 
99.2 99.8 100 
96.0 97.6 98.8 

6 � 8 9  7 

99.8 100 

99.6 98.8 100 
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T A B L E  III 
Effect of Addi t ives  on Cleaning  Action of NaOH Solut ions 

in % Washing; E f f e c t - - P r o t e i n  Soil 
(Cone of combined N a O t t  and addi t ive  2 % ;  temp 60C) 

},{ixture 1 

80 NaOH q- 20 gluconate  .......... 87.0 
90 NaOl~ @ 10 glueonate  .......... I 86,1 

NaOH ~- 5 glueonate  .......... [ 86.0 
NaOH q- 2 glueonate  .......... I 84.5 

99 NaOH + i gluconate  .......... I 84.3 
99.5 NaOH + 0.5 ,~'lueonate ........ 84.3 

78 NaOH q- 2 g luconate  
20 metasi l icate  ...... 89.3 

88 NaOH ~- 2 gquconate 
+ 10 metasi l icate  ...... 88.4 

79 NaOH + 1 gluconate  
4- 20 nletasi l ieate ...... 89.1 

89 NaOH -- 1 glueonate 
-b 10 metasi l icate  ...... 88.2 

Wash ing  t ime in  min 

9~.1 9 8'J.6 6 10O 
94.6 I 98.3 100 
94.4 I 98.2 100 
93.8 ] 98.0 100 
93.6 I 97.8 10O 
93.5 97.6 100 

9 6 . 8  I0O 

96.3 10O 

96.7 1 100 

9-2-, Zoo - , - -  
of polyphosphate. The performance of glueonate 
eontaining solutions is fur ther  improved by the addi- 
tion of metasilieate. I t  is interesting that glueonate 
is very effective in relatively small proportions (0.5- 
1% of total detergent),  and that increasing its con- 
centration to 20% of total detergent brings about a 
very small improvement. A mixture of 88% NaOH, 
2% glueonate, and 10% metasilieate removed both 
fat  and protein soils completely in 3 rain, compared 
to 7.5 rain needed for NaOH alone under otherwise 
identical conditions. Figure 5 shows that glueonate 
has a very small effect, and that polyphosphate-meta- 
silicate containing" detergents are the most effeetive 
for the removal of soot soil. 

Clea~ing effectiveness of commercial dish washing 
compounds. I t  was of interest to apply the present 
method of detergent evaluation to commercially avail- 
able dish-washing compounds. Five American and 
one German product were studied. Results show in 
Figures 6,7, and 8. Taking into account the low con- 
centration of 0.2% (as recommended by the manu- 
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FIG. 5. Effect of additives on cleaning action of NaOH 

solutions at 700. Soot soil. Concentration of combined NaOH 
and additive: 2%. 
Curve 1 NaOH:Calgon W:Sodium silicate, 78:2:20. Curve 2 
NaOH:Calgon W, 95:5. Curve 3 NaOH: sodium glueonate: 
sodium silicate, 78:2:20. Curve 4 NaOH:sodittm glueonate, 
95:5. 
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Fro. 6. Cleaning effectiveness os six commercial dish washing 

compounds in 0.2% solution. Curves 1-6 at 70C. Curves 7-12 
at 40C. 

facturers for use in household dishwashers), the 
cleaning effect is rather remarkable. For  better com- 
parison with previous results, the tests were repeated 
at a concentration of 2% with results in Figure 7. 

Cleald~g effectiveness of NaHC09 solutions. Na- 
HCO~ solutions are traditionally recommended as a 
mild detergent for inside cleaning of food processing 
equipment where more aggressive detergents might be 
unsuitable. A comparison of the results obtained with 
a 2% NaHCOa solution at 20, 40, and 60C with 2% 
NaOH solution at 60C, is shown in Figure  9 (fat 
soil) and Figure 10 (protein soil). I t  is interesting 
that in both eases NaHCO3 is more effective during 
the initial 3.5-~ rain of washing, i.e., up to the re- 
moval of about 90% of the soil. After  this point it 
seems to be uneapable of any appreciable fur ther  
cleaning. 

Stability of deterge~t solutions. Polyphosphates 
have a tendency to break down when heated in solu- 
tion. As bottle washing solutions are generally used 
over a period of one or more weeks, during" which 
period they are continuously kept at ca. 60C, we 
used the present method to determine whether any 
measurable decrease in cleaning efficiency resulted 
from keeping a 1% solution of a commercial poly- 
phosphate-containing material for 72 hr at 60C. 
Results below show that a slight decrease in efficiency 
could be detected. 

% Washing effect 
Solution kept at after 2 rain 

60C for: contact-time 
hours 

0 9O.0 
3 89.9 
6 89.7 

12 89.3 
24 88.0 
48 87.0 
72 86.1 

Effect of a ceum~dation of soil ,i~ detergent. A 
practical question is the effect of increasing eoncen- 



/'~'[ A tt (!I l ,  

~ lOO 
hi 
U- 
h 
b.t 

Z 

~ 9o 
< 

1964 

I 700 3 
I I 
1 2 

]~RAI)A('S AN]) ~( 'HETEI,IG:  DETERGENT ~O[,UTIONS 

I I I I I 
4 5 6 7 8 

,,. T I M E  IN M I N U T E S  
Fro. 7. Cleaning  effect iveness of two commercia l  dish wash- 

ing  compounds  in 2% solution.  Curves 1 and  2 at  70C. Curves 
3 and  4 a t  40C. 

trations of soil in the detergent on the cleaning effi- 
ciency of the latter. For  this series of experiments, 
7 liters of 1% solution of a commercial compounded 
detergent were kept at 60C for 10 hr. During this 
period 10 g of s tandard fat  soil were added to the 
solution every hour, af ter  which the cleaning efficiency 
was measured with standard soiled plates with a 
washing time of 2 rain. In this way, the 7 liters of 
solution contained 100 g of soil af ter  the 10th hour. 
During the experiment the t i tratable NaOH content 
of the solution was kept constant (0.9%) by addition 
of fresh detergent. Results below show that the 
cleaning efficiency decreases with increasing amount 
of soil in the solution, and that  t i t rat ion for NaOH 
content is not always a dependable measure of the 
cleaning efficiency of a bottle washer solution. 

% Washing 
g fat  af ter  effect af ter  

soil/1 . . .  hours 2 rain 
solution at 60C contact-time 

0 0 90.0 
1.43 1 86.5 
2.86 2 84.0 
4.28 3 82.0 
8.57 6 77.5 

11.43 8 75.3 
14.30 10 73.0 
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An at tempt to confirm these findings by using de- 
tergent solutions renmved from a bottle washer operat- 
ing in a soft dr ink plant af ter  increasing periods of 
time was not successful. The cleaning efficiency of 
the detergent solution af ter  3 weeks of use was es- 
sentially the same as that  of the fresh solution. This 
may be explained by assuming that  the concentration 
of soil in an operating bottle washer remains quite 
low, eveu af ter  prolonged periods of operation. 

Effect of addition of surface-active compo~ends. 
The difficulty in removing soot soil by conventional 
detergents made desirable an at tempt  to improve them 
by the addition of surface-active agents. Weinfur tner  
et al. (1) have reported improved performance by 
detergents to which Hostapal W (nonyl-phenol-poly- 
glycolether, Farbwerke Hoechst AG.) had been added. 
Therefore this work was extended to studies at 70C 
of the NaOH-Hostapal  W combinations in Figure  
11 Results indicate that even in concentration of 
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FIG. 8. Cleaning  effect iveness of  two commercia l  dish wash ing  

compounds  a t  70C. Curve 2 and  3 in 2% solut ions.  Curve 4 
and  5 in 0 .2% solut ion.  Curve  1, 2%, (ff a eommer~bfl  bot t le  
wash ing  product .  

1:30,000, based on dry  detergent weight, Hostapal W 
has a positive effect. The higher concentration (1: 
3000) shows higher efficiency, but  results in a tend- 
ency to foam in certain types of bottle washer. The 
best results were obtained when adding tIostapal W 
to a commercial detergent in the combinations in 
Figure  12. The detergent contained 67% NaOH, ca. 
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t i v e n e s s  o f  a c o m m e r c i a l  d e t e r g e n t  c o n s i s t i n g  o f  N a O t t  a n d  a 
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TIME IN MINUTES 
FIG. 10. Cleaning effectiveness of a 2% sodium bicarbonate 

s o l u t i o n .  P r o t e i n  soil .  C u r v e  1,2 a n d  3 a t  60C,  40C a n d  20C.  
C u r v e  4, 2 %  N a O H  a t  60C.  

10% polyphosphates,  silicates, and sodium carbonate. 
Effect of application of ultraso~dcs. A different 

approach to the problem of removal of soot soil was 
the use of ultrasonics in conjunction with various 
detergent solutions. The equipment (Lehfeldt  & Co. 
G.m.b.It., Heppenheim,  Germany)  consisted of a 12- 
liter container with a built-in bar ium t i tanate sonic 
generator,  connected to a 40 KC high f requency 
generator.  The detergent  solution was contained in 
a 2-liter glass beaker, in which the soiled test plates 
rotated at  62 rpm, as in all previous experiments. 
The medium between the beaker and the container was 
thernlostated deaerated water. Table IV  summarizes 
results obtained with various detergents at 40C and 
60C. The drastic increase in cleaning efficiency by 
the use of ultrasonics is obvious and needs no fur ther  
conlment. 
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:Fla.  11. E f f e c t  o f  a d d i t i o n  o f  a s u r f a c e  a c t i v e  c o m p o u n d  o n  the  

c l e a n i n g  e f f e c t i v e n e s s  o f  N a O H  s o l u t i o n s  a t  70C. C u r v e  1 a n d  
2, 3 %  a n d  2 %  s o l u t i o n  o f  N a O H + H o s t a p a l  W ( 1 : 3 0 0 0  b y  
w e i g h t  o f  d r y  N a O H ) .  C u r v e  3 a n d  4, 3 %  a n d  2 %  s o l u t i o n  o f  
N a O H  + t I o s t a p a l  W ( 1 : 3 0 , 0 0 0 ) .  

Conclusions 

Sat isfactory techniques were developed for  quanti- 
tat ively measuring the rate at which various detergent  
solutions would remove synthetic soils f rom a glass 
surface. 

Fa t  and protein soils were removed f rom glass in 
approximate ly  equal times, but  removal  of a soot 
soil made up to imitate the soil of snmky industrial  
areas, where bottles had proved difficult to clean, took 
nearly 10 times as long as did removal  of the other 
soils. 

Commercial  detergents and detergents made up of 
N a 0 H  with additives such as metasilieate, gluconate, 
and polyphosphate  removed soils up to twice as fast  
as did N a 0 H  alone. 

The tempera ture  gradient  for the action of alka- 
line detergents was low. Increasing the t empera ture  
f rom 40-70C reduced the time required to clean the 
glass by about one-third. 

In  the concentration range of 1-3% speed of cleans- 
ing increased as the detergent  concentration increased, 
but not in direct proport ion.  For  pract ical  purposes 
a detergent  concentration of 2% would seem adequate 
for industr ial  usage. 

An alkali as mild as sodimn bicarbonate showed a 
slight but definite detergent  action. 

Commercial  dishwashing compounds used in the 
recommended concentration of 0.2% exhibited a 
cleansing power of the same order of magni tude as 
that  of a 270 alkaline detergent ;  however, large in- 
creases in concentration of the dishwashing compound 

TABLE IV 

Effect of Ultrasonics on Cleaning Efficiency of Detergent  Solutions 
in % Wash ing  Ef fec t - -Soot  Soil 

Tenlp 
~ 

166 

Mixture 

40 2 % N a O t t  ............................. 
40 2 %  (98 NaOH + 2 

gluconate)  ...................... 
40 2 % commercial detergent.. . . ;  
40 2 % commercial detergent  ..... 
40 2 % commercial detergent  

plus Hostapai  ~V 
(l:3O,OOO) .................... 

60 2 % NaOH ............................ 
60 2 %  (98 N a 0 H  + 2 

gluconate)  ...................... 
60 2 % commercial detergent.  ..... 
60 2 % commercial detergent.. . . . .  
60 2 % commercial detergent  

pIus Hos tapa l  W 
(1 :30 ,000)  .................... 

Contact-time in seconds 

30 60 90 120 

84.1 93.1 97.5 1O0 

91.1 97.4 1OO 
88.7 96.4 100 
92.7 98.0 100 

95.9 100 

86.2 95.4 100 

93.1 100 
91.2 100 
94.6 100 

I00  
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did not s t r ikingly decrease the time required for 
cleaning. The action of commercial dishwashing com- 
pounds seemed to have a greater  t empera ture  gradient  
than that  of an alkaline dishwashing compound. 

The addition to a detergent  bath of nonyl-phenol- 
polyglycol ether (Hostapal  W) in extremely low 
concentrations caused a definite increase in the rate 
of detergent  action. 

The application of ultrasonic energy to a given 

detergent  bath increased the rate of detergent action 
as much as 30-fold. 
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Search for New Industrial Oils. VIII. The Genus Limnantkes 
R. W. MILLER, M. E. DAXENBICHLER, F. R. EARLE, Northern Regional Research Laboratory, 1 Peoria, 
Illinois; and H. S. GENTRY, Crops Research Division, 2 Beltsville, Maryland 

Abstract 
Seed oils f rom most of the known species and 

varieties of Lim,tanthes were analyzed for their  
f a t ty  acid content. Each contained at least 95% 
acids with more than  18 carbon atoms. The major  
component  acid, cis-5-eieosenoic, ranged 52-77% 
of the acids present. Seeds of all species examined 
contained thioglucosidie precursors of volatile 
isothioeyanates, l iberated by the action of mus- 
tard  seed enzymes on the meal. One species also 
yielded a small amount  of an oxazolidinethione- 
like compound of the type associated with enzyme- 
treated rapeseed meal. 

Introduction 

O IL FROM SEED o f  Limnanthes douglasii R.Br. was 
repor ted as unusual  because 94% of its acids 

exhibited longer retention times than  linolenie acid, 
the slowest Cls component of common oils, in GLC 
on a polar substrate (4). More detailed investigation 
led to characterization of the major  components as 
three new acids: cis-5-eicosenoie ; cis-5-doeosenoie ; and 
cis-5, cis-13-docosadienoic (1,14) in addition to the 
known c/s-13-docosenoie (erueie) acid. The unusual  
position of unsa tura t ion  in these long-chain acids 
and the very small quant i ty  of acids containing less 
than  20 carbon atoms suggest that  the oil may  be a 
useful new raw mater ial  for  processing into industr ial  
products. Exp lo ra to ry  studies on wax esters p repared  
f rom L. douglasii seed oil indicate their  str iking simi- 
lar i ty  to the liquid wax of jojoba seeds (12). 

Profitable use of the oil-free meal could have sig- 
nificant bearing on the industr ial  acceptance of a new 
oilseed. The value re turned by the meal could be 
reflected in lower prices for  the oil, thus improving 
the competitive position of the oil and making it eco- 
nomically acceptable for  a broader  var ie ty  of applica- 
tions. Since meal f rom L. douglasii contains lysine 
and methionine in amounts comparable to the legumes 
(15), it should have value as a component of feed 
mixes. However,  m-methoxybenzyl  isothiocyanate, 
produced by enzymatic hydrolysis of a thioglucoside 
in L. douglasii seed (5), if  not removed, may  be det- 
r imental  to the quali ty of the seed meal in the same 
manner  that  similar compounds affect the use of 
mus ta rd  meals (2). Such removal  might  effectively 
be carried out by a process recently developed at the 

1A_ laboratory of the No. Utiliz. Res. & Dev. Div., ARS, USDA. 
-~ ARS, USDA. 

Northern  Labora to ry  that  eliminates volatile allyl iso- 
thioeyanate f rom mus ta rd  meal (13). 

The potential  value of Lim~anthes as an oilseed 
prompted  a s tudy of variat ion in oil, protein, and 
thioglucoside contents and in composition of the oil 
in seed f rom all available species. 

B o t a n i c a l  N a t u r e  of  the  Genus 

The genus Lim~a~dhes as classified by Mason (9) 
includes eight species of annual  herbs native to the 
Pacific Coast. All species germinate in the fall  or 
winter and require relatively cool weather dur ing the 
growing season. Hot  weather  in late spring adversely 
affects them. An eeologieal survey of the wild popu- 
lations disclosed a wide range among varieties in 
adaptabi l i ty  to different soil and moisture conditions. 
Such diversi ty indicates promise for  successful intro- 
duetion to cultivation. Also there is sufficient varia-  
bility in growth form and seeding characteristics to 
indicate success for the selection of superior  strains 
for commercial production. Genetic crosses between 
several varieties have a l ready been demonstrated (9). 
This compatibi l i ty is impor tan t  in developing eulti- 
vated variet ies;  near ly all cult ivated crops result  
front erossing varieties and species either intentionally 
or inadvertent ly.  L. douglasii, a garden ornamental ,  
is the only cult ivated species. F igure  1 shows a eloseup 
of a cult ivated plant  and a dense wild stand of L. 
douglasii var. ~ivea. The botanical aspects of this 
genus as a potent ial  source of new oilseed crop will 
be published elsewhere (6). 

Materials and Methods 
Seeds used in tile present  survey, except for a few 

samples of L. douglasii bought f rom a connnereial 
supplier,  were obtained by collection f rom wild plants  
in the spring of 1962. 

Seeds were cleaned and analyzed as previously re- 
ported (4). Methanolysis of the oil with ItC1 as cata- 
lyst yielded methyl  esters of the f a t t y  acids, which 
were analyzed by GLC (10). Results are reported as 
percentage of the area under  the curve at t r ibutable  
to a given methyl  ester. 

Enzyme t rea tment  of the seed meals and estimation 
of the l iberated volatile isothioeyanates and oxazo- 
lidinethiones were per formed essentially as described 
by Wet te r  (16,17). A slight modification (3) allowed 
investigation by paper  chromatography  of a port ion 
of the thiourea derivatives of the steam-distilled 
isothioeyanates (8).  


