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Bundle test evaluates detergency
The following is based on a talk g i v e n b y J a y R . Brummer o f F M C Corp.,
Princeton, New Jersey.

The bundle test is a test method
t h a t allows a detergent formulator
t o compare cleaning and brighten-
ing performance o f any two home
laundry detergents o r procedures.
The method uses natural ly soiled
paired clothing and linens t h a t are
g iven t o " typical" families and sub-
sequently washed and visually evalu-
ated under controlled laboratory con-
ditions for a specified number o f
wash cycles.

The bundle test method was
f i r s t published as an ASTM Stan -
dard Method in 1971 by ASTM Com-
mittee D12 on Soaps and Deter-
gents. The test is ent i t led "Con-
trol led Laundering TestUs ingNa tu -
rally Soiled Fabrics and Household
Appliances." The method D-2960
can be found in the 1987 Annual
Book of ASTM Standards, Volume
15.04, page 588. Although the ex-
ac t evolution of the method is un-
clear, large de te rgen t companies
u s e d this t echn ique as a c o s t -
effective step in theirp roduc t evalu-
a t ion process and to substantiate
advertising claims. ASTM commit-
tee D12 became involved as a me-
dium to develop and publish a stan-
dardized test procedure for the de-
t e rgen t industry. The members o f
ASTM subcommittee D12.25 t h a t
worked on the standardization o f
this method represented a weal th
of experience in bundle t e s t i ng and
o t h e r detergency evaluation proce-
dures. Bundle t e s t i ng is still used
extensively in the industry as a de-
tergency evaluation tool.

The detergency evaluation proc-
ess consists of a number of steps.
As a detergent chemis t develops
new formulations, raw materials
and delivery systems, t h e need t o
evaluate detergent performance is
cri t ical to his success. He may use
the Terg-O-Tometer t o screen dif-
ferent formulations in t h e labora-
tory unti l the da t a indicate t h a t a
promising p roduc t has been devel-
oped. The next step would be t o
test t h e p roduc t u n d e r more realis-

tic and prac t ica l conditions t h a t
more closely correlate with ac tua l
field experience. This is where the
bundle test is a valuable tool to
use as it is a limited, controlled
performance eva lua t ion t e s t
method u s i n g naturally soiled fab-
rics and one t h a t is relatively inex-
pensive compared t o larger scale
p a n e l o r consumer tests. The cost
p e r t e s t general ly r u n s a r o u n d
$1,000 for time and materials per
family. In addition, the bundle test
can be used for laboratory screen-
ing, competitive analyses and sub-
stantiation of advertising. The ex-
t e n t t o which t h e bundle t e s t is
used for these and o t h e r applica-
tions depends on t h e needs and re-
sources of the user.

The ASTM method recommen-
dation for a 10-family, 10-week bun-
dle t e s t includes multiple ha rd -
nesses, concentrations, tempera-
tures and soil levels t o compare
two detergent formulations over a
wide range of detergency condi-
tions. As a general rule , the bundle
test method published b y ASTM
is se ldom practiced as wri t ten . A t
FMC, we use a modification o f the
ASTM procedure, as do many o t h e r
companies, to perform our bundle
t e s t i ng although the basic princi-
ples o f t h e ASTM method are n o t
compromised. The essence of our
bundle test method is g iven in the
following sections.

Bundle test description
The bundle test method used by
FMC is a relatively simple proce-
dure t h a t can be easily used b y any
laboratory t o compare t h e clean-
ing o r brightening/whitening per-
formance of any two detergent for-
mulations. Two "typical" families
are chosen from a pool of families
a t our facili ty who have a t l e a s t
one child u n d e r the age of 12. To
minimize differences in soiling for
a two-family t e s t , t h e families cho-
sen have modera te soiling charac-
teristics. The families are g iven 40

items each, consisting of cotton and
cotton/polyester clothing and lin-
ens. The items are white to allow
for m a x i m u m c o n t r a s t dur ing vis-
ual evaluation. The paired bundle
items are matched visually to mini-
mize any inherent differences in the
articles and marked for identifica-
t ion .

The families use each item as
they normally would fo r a week and
return the bundle a t the end of the
week. Normally, the test is run for
10 weeks t o allow time to observe
any t r e n d s t h a t develop. Each bun-
dle is then split into two separate
wash loads weighing approximately
six pounds each and washed sepa-
rately in the two detergents be ing
evaluated. The typ ica l conditions
for washing a bundle are given in
Table 1. It should be noted t h a t
hardness, tempera ture , de t e rgen t
concen t ra t ion a n d load weight
should be carefully measured and
controlled to obta in valid results.
In addition, it is essential t h a t t h e
washers used are matched for fill
volume, agitation force and cycle
time. If this is n o t possible, t h e
same w a s h e r may be used to wash
both loads. The wash loads are then
dried and folded for the evaluation
process.

The evaluation is done u n d e r
two different l ight sources to dis-
tinguish between cleaning perform-
ance and the effects of the optical
br igh ten ing sys tem. The light
sources used include incandescent
l ight and nor th dayl igh t (ultravio-
let}. The evaluation is done against
a gray background t o provide maxi-
mum contrast.

During the f i r s t nine weeks of
the 10-week cycle, an experienced
four-judge p a n e l ra tes each pair of
items fo r preference or no prefer-
ence. The 160 evaluations p e r bun-
dle are compiled each week to moni-
t o r the progress of t h e test. Any
s ta in ing t h a t occurs shou ld be
n o t e d b u t t h e stained area should
not be included as part of the nor-
mal evaluation process. If any ex-
tensive staining occurs, the i tem
should b e discarded from the bun-
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dle and replaced t o maintain load
weight. A t the end of t h e 10-week
period, a p a n e l of 10 judges-- in ad-
di t ion t o t h e four-member panel--
evaluates the paired bundle i tems,
and this data is included in the over-
all performance evaluation for t h e
two detergents. The evaluation pe-
r iod may b e decreased if a c lear
t r end develops af te r a t l e a s t five
weeks t h a t one detergent is supe-
r ior to t h e other. The minimum is
five weeks, t o ensure t h a t redeposi-
tion is not occurring with one of
the two test detergents.

The final da t a are t rea ted by
s tandard statistical methods to de-
termine if the differences observed
between the two detergents are sig-
nificant. We have found a prefer-
ence ratio o f approximately 1.5:1
to be significant for our bundle test
evaluations; however, it is impor-
t a n t to consider o t h e r da t a avail-
able from t h e t e s t t o get a t rue
indication of performance.

In addition to the overall pref-
erence ratio from the four-judge pan-
els, the preferences Of t h e final 10-
judge p a n e l should be part of the
overall evaluation. The final evalu-
a t ion may n o t agree with t h e
weekly evaluations, thus indicat-
ing fur the r t e s t s are required. In
addition,~tLh e preferences b y fabric
type are important for overall de-
tergency evaluations and should b e
considered separately as well. Con-
s idera t ion of t h e da t a from t h e
nor th dayl igh t a n d incandescent
l ight sources for each fabric type
also is necessary t o evaluate t h e
whitening enhancement from any
optical brighteners in the detergent
formulations.

Final ly, it is essential t o ob-
se rve any t r e n d s t h a t develop dur-
ing t h e test period t h a t may indi-
cate a longer-term preference for
one of t h e detergent formulations
t h a t is not ev iden t from the overall
preference ra t io .

It is important to remember
t h a t the bundle t e s t is not an ana-
lyt ical determination. The method
is a prac t ica l performance evalu-
a t ion u s i n g realistic soiling condi-
tions and controlled laboratory wash-
ing cond i t ions t o compare two
detergent formulations. It is a n ef-
fective method to compare the rela-
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FIG. 1 . C h a n g e in weekly preference for Detergent A when v i e w e d under different
light. So l id line, U V light; broken l ine , incandescent l ight . Detergent A was an STPP
built/mixed surfactant wi th bleach and enzymes .
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FIG. 2 . C h a n g e in weekly preference, Detergent C v s Detergent D. Detergent C, an
STPP/anionic, i s indicated by the broken l ine . Detergent D, a n unbu i l t l iqu id /mixed
surfactant system, i s indicated by the s o l i d l ine .

tive performance of two detergents
and can discriminate between small
differences in detergency. It should
be n o t e d , however, t h a t the t e s t
method does not ra te the absolute
performance level of a de te rgen t
and t h e formulator should a lways
keep this in mind when drawing
conclusions from t h e d a t a . Care

should also be taken when compar-
ing the results of one bundle t e s t
t o a n o t h e r unless some statistical
basis fo r c r o s s comparisons has
been established.

Bundle test in practice
As mentioned previously, the bun-
dle test is only one step in evaluat-
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ing detergency during the product
development cycle. It m a y give com-
pletely different results from in-
itial screening results obtained on
the Terg-O-Tometer Test, indicat-
ing the importance of includingprac-
tical testing during the product
evaluation process.

To demonstrate this, three ex-
amples are given where two pro-
prietary detergent formulations
were compared using the Terg-O-
Tometer m e t h o d and the bundle
test method. The conditions used
for a typical Terg-O-Tometer test
are given in Table 2.

These examples highlight some
valuable information that can be
obtained from the bundle test
method. In the first comparison,
an STPP-built mixed sur[actant sys-
tem with bleach, e n z y m e s and a
unique delivery system {detergent
A) was run against an STPP-built
anionic system with enzymes (de-
tergent B). The results of this com-
parison are s h o w n in Table 3. A s

TABLE 1

Typical B u n d l e Test Washing Conditions
Temperature
Water h a r d n e s s
Detergent

concentration
Washers

Dryers
Weight of each
half-bundle

100°F (wash and rinse)
150 ppm (moderate stress)

0.15% or manufacturer's recommendation
Whirlpool LA7800XM
{toploader) usingfilllevel closest
to 17gal

Whirlpool LE7680XM or equivalent

6 lb.

TABLE 2

Typicel Terg~)-Tometer Test Washing Conditions

Temperature
Water h a r d n e s s
Detergent concentration
Soiled fabric

Load

Evaluation

100°F
{34, 68, 102, 136 ppm) (2Ca:l Mg)
Recommenduse (~,0.15%)
Clay and/or Spangler soiled cotton
and polyester/cotton

Two 4" × 4" soiled and unsoiled swatches
ofeach fabric type, totaling 8
swatches

H u n t e r L a b s c a n Reflectometer
{Model SN12714)

TABLE 3

Comparison of Two Proprietary Powder Detergents

Detergent 1~ype Fabric

Terg-O-Tometer reflectance
v s s t a n d a r d (100%)a

B u n d l e
Clay S p a n g l e r % preference

A STPP built/mixed
surfactant powder
with bleach and
enzymes

B STPP built/anionic
powder with enzymes

Cotton 100 60 77
PE/cotton 97 66 51
Overall 64

Cotton 102 103 23
PE/cotton 99 99 49
Overall 36

aAATCC s t a n d a r d w i t h 50% STPP a n d 17% anionic.

TABLE4

C o m p a r i ~ n o f ~ q u i d a n d Powder Detergent

Detergent Type Fabric

Terg-O-Tometer
reflectance v s

s t a n d a r d {100%~a B u n d l e
Spangler soil % preference b

C STPP built/anionic
p o w d e r

D Unbuilt/mixed
actives l iqu id

Cotton 100 63
PE/cotton 86 50
Overall 59
Cotton 105 30
PE/cotton 87 38
Overall 32

aAATCC s t a n d a r d with 50% STPP a n d 17% anionic.
b9% n o preference.
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FIG. 3 . Change i n weekly preference, Detergent E v s Detergent F under U V light. Detergent E, an S T P P built/anionic with bleach
and enzymes, i s indicated by the s o l i d l ine . Detergent F , a n STPP built/anionic with enzymes, i s indicated by the broken l ine .

can be seen from the Terg-O-Tome-
t e r d a t a , detergent B was signifi-
cant ly superior t o detergent A on
Spangler soiled fabric, while simi-
lar performance was measured on
clay soiled fabric. The overall bun-
dle t e s t results, however, showed
detergent A t o b e clearly superior
t o detergent B. This anomaly may
b e due in part to t h e type o f soils
c h o s e n fo r t h e Terg-O-Tometer
method versus the mix o f natural ly
occurring soil t ypes encountered on
t h e bundle i tems. Whatever the rea-
son, this comparison demonstrates
t h a t the bundle t e s t yields va lu -
able da t a which may indicate the
need for fu r the r t e s t i ng of a formu-
lat ion before additional resources
are committed t o p roduc t develop-
ment .

The resul t s of the f i r s t product
comparison also demonstrate two
o t h e r advantages of the bundle test
me thod . The results of preferences
for detergent A were p lo t t ed on a
weekly basis for incandescent l ight
and nor th daylight. As can be seen
from Figure 1, a significant differ-
ence in v i sua l preference was ob-
served for detergent A u n d e r no r th
dayl igh t versus incandescent l ight .
This is due to the optical b r igh t -
ener present in detergent A which
enhances the appa ren t whiteness

u n d e r no r th daylight. The prefer-
ence for detergent A u n d e r incan-
descent l ight would give t h e ac tua l
cleaning performance wi thout the
enhancement from the optical bright-
ener. This figure also reiterates t h a t
u s i n g only t h e final preference ra-
tio is not sufficient t o obta in an
overal l performance evaluation.
While the preference for detergent
A was 64%, a weekly downward
t rend was observed over t h e 10-
week test period. This may be due
t o redeposition over time or o t h e r
factors and m u s t be noted t o get a
complete picture on the perform-
ance of de te rgen t A. This t r end
would not be appa ren t in t h e tradi-
t iona l Terg-O-Tometer Test.

A second comparison was made
between an STPP-built anionic de-
t e rgen t p o w d e r (C) and a n unbuil t
liquid detergent (D) with a m i x e d
sur fac tan t sys tem. The Terg-O-
Tometer resul t s are b a s e d on a n
average of Spang le r soiled cotton
a n d cotton]polyester b lend fabric.
The Terg-O-Tometer resul t s given
in Table 4 show the unbuil t liquid
(D) to be slightly superior in per-
formance on cotton fabric to the
STPP-built powder (C) and equiva-
lent on the co t ton /PE blend. Once
again, the overall bundle test re-
su l t s show a preference fo r the

STPP-built p o w d e r (C). A look a t
the weekly preferences for each de-
t e rgen t , g iven in Figure 2, indicates
an init ial preference for detergent
D in the f i r s t two weeks, with a
significant preference fo r t h e STPP-
built detergent C for t h e remain-
der of t h e t e s t . Us ing only the Terg-
O-Tometer resul t s in this c a s e
would give a misleading conclusion
which would be similar to the con-
clusion reached af te r only one week
o f the bundle t e s t . This compari-
son once again demonstrates the
usefulness o f t h e bundle t e s t t o al-
low t r e n d s t o develop t h a t may in-
d ica te problems with t h e de te rgen t
formulation.

The final example compares t h e
performance o f a n STPP-built pow-
d e r with anionic su r f ac t an t , en-
zymes and bleach (E) to an STPP-
built p o w d e r with a n anionic sur-
fac tan t s y s t e m a n d enzymes (F).
The Terg-O-Tometer and bundle
test resul t s are shown in Table 5.
The Terg-O-Tometer resul t s indi-
cate t h a t the two detergent formu-
lations perform approximately the
same on clay and Spang le r soiled
cotton and cotton/polyester blend
fabric. In this case, t h e bundle t e s t
resul t s also show t h a t the two for-
mulat ions are not significantly dif-
ferent in performance. When t h e

JAOCS, Vol. 66, no. 1 (January 1989)



28

FEATURE

TABLE 5

Comparison of Two Proprietary Powder Detergents

Detergent Type Fabric

Terg-O-Tometer reflectance
vs standard ~100%}a

Clay Spangler

Bundle
% preference

(UV light}
E STPP built/anionic

powder with bleach
and enzymes

F STPP built/anionic
powder with enzymes

Cotton 100 104 53
PE/cotton 99 102 42
Overall 48
Cotton 99 103 47
PE/cotton 101 99 58
Overall 52

aAATCC standard with 50% STPP and 17% anionic.

visual preferences of detergents E
a n d F were p lo t t ed on a weekly
basis as shown in Figure 3, the two
products were essentially equiva-
lent in performance dur ing the f i r s t
nine weeks of t h e test period with
no preference t r e n d s developing for
e i the r detergent. The preference for
detergent F in the t e n t h week may
indicate t h a t the test should be ex-

t e n d e d for a few more weeks to
determine if the preference was j u s t
noise or t h e beginning of a signifi-
c an t performance t r end . Once
aga in , this demons t ra tes the ne-
cessity t o evaluate all of the da t a
available.

Bundle t e s t i ng provides a real-
istic evaluation of performance t h a t
bridges the gap between laboratory

screening t e s t s and extended con-
sumer testing. The bundle test has
proven t o be a n invaluable cost ef-
fective tool in the new product evalu-
a t ion cycle. Information obtained
from the bundle test o f t en shows
t h e necessity for additional labora-
tory development work before pro-
ceeding on t o more extended and
expensive consumer testing.

Pred ic t ing a b u n d l e test winner
The following, based on a talk g i v e n b y Paul X . Riccobono, was prepared
b y Riccobono and Richard Polanski, both o f Colgate Palmolive Co.,
Piscataway, N e w Jersey.

The ultimate objective of p roduc t
development is introducing profit-
able new products into the market-
place. Usually it is known in t h e
e a r l y s t a g e s o f deve lopment
whe the r a p roduc t is new o r not.
Profitabil i ty is not as easy t o de-
termine and is dependent on a num-
ber of interrelated factors, n o t t h e
l e a s t o f which is consumer accep-
tance. This is particularly t rue in
the laundry products area, where
the consumer's abil i ty to discern
a po in t o f difference in perform-
ance between a new o r improved
p roduc t entry and a p roduc t al-
r eady in t h e marketplace a t times
res t s on ra the r tenuous differences
in sensory perception.

Unfortunately, t h e abil i ty t o ac-
curately predic t b y quan t i t a t ive
laboratory t e s t s t h e effects of new
laundry detergent compositions on
consumer perception has remained

largely a n unfulfilled goal of re-
search workers in this a rea . Usu-
ally, the evaluation of a new laun-
dry formulation involves a progres-
sion of t e s t i ng methodologies, from
simple laboratory determinat ions
of detergency utilizing t h e Terg-O-
Tometer , t o complex consumer-
t e s t i ng involving hundreds of par-
ticipants. The ult imate are t h e sales
t e s t s , in which entire cit ies o r re-
gions o f t h e count ry are involved
(1-3). A t some po in t in the process,
the new produc t m u s t be taken out
of t h e laboratory and h a n d e d over
t o consumers for their judgment .
The decision t o consumer-test a new
produc t is a cri t ical po in t in t h e
p roduc t deve lopment process for
it involves large sums o f money
and considerable amounts o f time
and human effort. A t Colgate, t h e
decision to consumer-test a new laun-
dry product is often made only af-

t e r results o f a bundle test have
been evaluated and factored into
the decision-making process.

In t h e arsenal of laboratory test
me thods available today, the bun-
dle t e s t is generally acknowledged
by t h e detergent indus t ry as clos-
est to typ ica l consumer response
(4). Formalized as a n ASTM
method in 1972 (5), it t o d a y is the
principle "b r idge" be tween the
closely controlled laboratory-test-
ing of the formulation chemis t and
the variabil i ty of t h e real world.

Usefu l as it is, t h e bundle test
is a ra the r long and tedious proce-
dure. A decision to proceed with
t h e bundle t e s t i ng of a formula-
t ion-which typically takes six t o
e igh t weeks--is i tself a decision of
some significance. Thus, the abil-
ity t o accurately predic t t h e out-
come {i.e., t h e visually preferred
product) o f a bundle t e s t in one o r
two days would be o f considerable
va lue t o a p roduc t development
staff. It is this problem which is
the subject of this paper .

JAOCS, Vol. 66, no. 1 (January 1989)


