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WHAT DOES THE DISHWASHER WANT?
UNRAVELING THE CO-EVOLUTION OF
TECHNOLOGY AND BEHAVIOR

Nergis Ulubilir Coskun

Where you live determines
how you clean. A preference
for powder, liquid or tablet
dishwashing detergent
format differs globally.
Understanding consumer
behavior helps product
manufacturers overcome
consumer contradictions
to find opportunity through
the communication of the
format’s performance and
eco-friendliness.

Dishwashing is a universal
household chore that reflects
the evolving habits, traditions,
and values of modern-day
households. In turn, regional,
cultural and generational dif-
ferences in values and behav-
iors inform the automatic
dishwashing (ADW) land-
scape; influencing preferences
in the duration and energy-ef-

ficiency of wash cycles, as well
as the formulation and format
of complementary detergents.
But innovative dishwashing
solutions are not only reflec-
tions of values and behavior;
they can also be drivers of
change. Industry innovation
that both reflects the com-
plex demands of the modern
kitchen and shapes dishwash-



ing behavior requires industry
leaders who bridge the gap
between consumer data and
advanced biotechnology.

CONSUMER
BEHAVIOR SHAPES
THE MARKET

Variation in consumer habits
and preferences means there
is no single “best” solution

for an effective dishwashing
detergent, preventing dish-
washer and detergent design-
ers from focusing their efforts
on a single standardized for-
mulation or format. Over time,
the dishwashing industry has
evolved solutions that reflect
a growing variety of consumer
needs and habits. Modern
appliances have adapted to
support shorter run cycles,
lower water consumption, and
dirtier dish loads. Energy-ef-
ficient machines now come
equipped with multiple cycles
and modes that cater to the
changing demands of con-
sumers.

In recent years, emerging
smart devices have begun

to re-shape detergent prod-
uct demands. For instance,
auto-dosing machines require
highly specific detergent
formats geared toward auto-
mated dispensing. Meanwhile,
some manufacturers are push-
ing the boundaries of the cat-
egory entirely, experimenting
with detergent-free high-speed
dishwashers and Al-driven,
nearly waterless technology.

As appliance manufacturers
continue to innovate, detergent
formulators must ensure their
chemistries and chosen for-

POWDERS

Original format for dish
detergent, granules
can be poured into
cup or packet for

easy dispensing

TABLETS

Smaller, compacted,
made from pressed
powder that reduce
packaging and
transport impact
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UNIT DOSE

Single serve, pre-measured

formats, such as tablets,
multi-chamber capsules,
gel packs, and sheets

l

TYPES OF UNIT DOSE

CHAMBER
CAPSULES

Combines powder,
gel, and/or liquid

in concentrated
doses for optimized
cleaning

Detergent formats most often used by region:

UNITED STATES

Liquids & gels
30%

EUROPE

ITALY
Multi-chamber capsules

39%

FRANCE

Tablets

53%

CHINA

Tablets

60%

SPAIN
Multi-chamber capsules

1%

UNITED KINGDOM

Tablets

41%

Regional detergent format preferences. Source: DISH issue 4

LIQUID/GELS

Easily dissolves,
convenient for dose
control; less stable
for enzymes due to
water content

ALTERNATE
FORMATS

Biodegradable film,
waterless sheets, and
concentrated doses
that minimize waste

AUSTRALIA

Tablets

49%

GERMANY

Tablets

6/%

TURKEY
Multi-chamber capsules

48%
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Younger Generations Are More Likely To
Shop Online and Change Products
if They Don't Perform

SHOP ONLINE

60

GENERATION X MILLENIALS GENERATION Z

Older Generations Are Less
Likely To Change Products
While Younger Buyers Don't
Mind Switching

GERMANY

FRANCE

Dish detergent preferences differ generationally. Source: DISH issue 4

BABY BOOMERS

mat synergize with new hard-
ware and address consumer
preferences. These demands
have driven a shift from pow-
der-based formats to more
convenient and dose-con-
trolled formats, such as unit
doses and liquids/gels. While
all regions have moved away
from powders, preference for
dose-controlled detergent for-
mats varies regionally.

CHANGE PRODUCTS

Technological innovations
offer developers solutions for
product optimization across
specific performance metrics,
but consumers judge which
of those metrics are most
important. As a result, deter-
gent designers must allow an
understanding of consumer
behavior, and the factors that
shape it, to guide their objec-
tives in detergent design.

For instance, demographic
shifts are a major driver of
dishwashing preferences.

NORTH AMERICA

KEY CONSUMER NEED

Performance; Sustainability, Convenience
AUTOMATIC DISHWASHING DETERGENTS MARKET 2024

Over 25% of the global market

MOST COMMONLY USED FORMAT

Gels

MOST QFTEN USED CYCLE

Normal/Auto

BRAZIL

KEY CONSUMER NEED

Performance, Convenience
AUTOMATIC DISHWASHING DETERGENTS MARKET 2024
2% of the global market

MOST COMMONLY USED FORMAT

Liquids/gels

MOST OFTEN USED CYCLE

Normal/Auto

Dish washing preferences differ regionally. Source: DISH issue 3

EUROPE

KEY CONSUMER NEED

Performance, Sustainability, Convenience
AUTOMATIC DISHWASHING DETERGENTS MARKET 2024

Over 50% of the global market

MOST COMMONLY USED FORMAT

Tablets, unit dose

MOST OFTEN USED CYCLE

ECO

CHINA

KEY CONSUMER NEED
Performance, Hygiene, Convenience

AUTOMATIC DISHWASHING DETERGENTS MARKET 2024
Over 10% of the global market
MOST COMMONLY USED FORMAT

Powders

MOST OFTEN USED CYCLE

Normal




The fast-paced lifestyles

and eco-conscious values of
Millennials and Generation Z
have encouraged demand for
energy-efficient dishwash-
ers and premium detergents
containing eco-friendly mate-
rials. These younger consum-
ers prioritize performance
and convenience alongside
sustainability and are more
willing than older generations
to abandon brand loyalty and
switch products if a detergent
fails to deliver results.

In addition to demographic
variation, detergent format
and wash cycle preference are
highly regional. Across cul-
tures, dishware and dish-care
reflect tradition and history.
When a dish is emptied follow-
ing a meal how it is cleaned is
rooted in custom. These cul-
tural preferences impact the
choice of dishwashing deter-
gents, and the methods used
to keep them clean.

Other regional variables,

such as available dishwasher
models, manufacturer recom-
mendations and local regula-
tors, can also influence which
detergent formats are pre-
ferred and how they perform.
In the EU, regulations mandate
dishwashers start with the ECO
program by default.

FINDING
OPPORTUNITY

IN CONSUMER
CONTRADICTIONS

Globally, the top five reported
concerns in dishwashing are:

* Powerful cleaning
» Sustainable formulation

REASONS FOR DISSATISFACTION

ECO CYCLE ’

Cleaning performance (food residue)

L

Degreasing performance

i 2

Tea & coffee cleaning performance

L I

Shine & glass protection

L I

0% 200% 400%

Source: IFF Dishwashing Habits Survey 2022

CONSUMER BEHAVIOR [ INFORM | 33

UK USA FRANCE SPAIN M ITALY M GERMANY

SHORT / QUICK CYCLE 0

Cleaning performance (food residue)

Degreasing performance

e

Tea & coffee cleaning performance

w.

Shine & glass protection

L I

0% 200% 400%

Reasons for dissatisfaction with eco and quick cycles. Source: DISH issue 3; 2022 survey

» Does not need prewash
* Works in short cycle
« No residues/build-up

However, reported con-
sumer preferences alone

are poor benchmarks for
detergent design objectives.
What people say they want
often diverges from what
they actually do. These gaps
reflect a mix of deep-rooted
habits, long-held beliefs, and
real-world tradeoffs. These
often-unspoken contradic-
tions are the true hot-spots
of opportunity for innova-
tion. Dishwashing technolo-
gies that successfully close
gaps between a consumer’s
behavior and their values are
most likely to shape enduring
changes in detergent prefer-
ence.

Tension between values and
behaviors show up consis-
tently across sustainability
choices, appliance usage,
and expectations of cleaning
performance. For instance,
across markets, expression of
pro-sustainability values does
not map cleanly to behavior.

While 80 percent say sustain-
ability matters, more than half
still routinely pre-wash their
dishes. Meanwhile, 75 percent
of consumers are interested in
detergents designed for short
cycles, yet they still select
normal, auto or Eco as their
main cycle of choice. These
patterns illustrate a recurring
dynamic: even when consum-
ers want to make environ-
mentally responsible choices,
convenience and perceived
reliability often win out.

Modern dishwashers offer
cycles meant to balance
convenience and sustain-
ability, yet few options satisfy
all priorities at once. For both
eco and short cycles the top
sources of dissatisfaction
remain consistent worldwide:
leftover food residue, poor
degreasing, lingering tea and
coffee stains, and insufficient
shine or glass protection.

As a result, detergents for-
mulated for improved sus-
tainability that come with
tradeoffs in performance are
unlikely to sustain eco-friendly
behavior. As an example, dish-



ADW Formats
Performance Test

RETAILER BRAND

ALL IN ONE CLASSIC

RETAILER BRAND
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WASH CONDITIONS

IKW, GSL2, 45°C, 8'hold, 21°GH

GLOBAL BRAND
HIGH TIER CAPSULE

GLOBAL BRAND
ALL IN ONE GEL

TECHNOLOGIES

Protease, Amylase, Bleach

DISHWASHING
SHEETS

All Soils

RETAILER BRAND
ALL IN ONE

RETAILER BRAND
CLASSIC

GLOBAL BRAND

HIGH TIER CAPSULE

GLOBAL BRAND DISHWASHING
ALL IN ONE GEL SHEETS

(CREME BRULEE) (EGG YOLK)

Detergent format performance across soil types. Source: DISH issue 4

(MIXED STARCH)  (MIXED STARCH, DOUBLE) (TEA)

90
80
70 T
60
50
40
30
20 =
10 I
° DM-10 DM-23 DM-93 DM-74 DM-77 DM-277 DM-14 IKW

(MINCED MEAT) (PSTA)

(EGG YOLK)

washer sheets, which are slim,
biodegradable, and waterless
have emerged as a promis-
ing new format; however, the
comparative performance of
current formulations is likely
to limit their popularity. Sheets
have limited space to hold
enzyme granules, which may
make the product less effec-
tive on certain stains. Also,
sheets have a low pH that
may lower the performance
of detergent-supporting
enzymes.

We conducted a compari-
son test on an EU detergent
sheet branded as tough on
stubborn stains using prote-
ase (on egg yolk and minced

meat) and amylase (on pasta
and mixed starch). The for-
mat demonstrated inferior
cleaning performance com-
pared to all-in-one tablets
and pods. Future iterations
on dishwasher sheets formu-
lations may help them gain
a more significant foothold

in the detergent landscape
and overcome performance
limitations.

CONFRONTING THE
DISTANCE BETWEEN
BELIEF AND REALITY

Dish manufacturers who
develop superior dishwashing
solutions across performance

and sustainability metrics
cannot just rely on data-
backed evidence to drive
changes in behavior. They
must also invest in promoting
awareness that dishes do not
need to be pre-rinsed, and in
addressing misconceptions
around which formulations are
sustainable and which are not.

For instance, there is a com-
mon misconception that gels
are more sustainable than
other detergents because
they do not contain bleach.
While gels are mostly bleach-
free, liquids can contain up to
30 percent water compared to
a tablet or unit dose which has
about 6 percent.



Gels Are Popular with
Pre-Wash Habit Consumers

AUTO DISH MARKET SIZE BY COUNTRY
(USD Millions % of region)

600  14% 3%

592 1% 13%

371 1% 2%

295 1% 8%

287 5% 3%

Source: IFF Consumer Habits 2022, 2024

LIQUID POWDER

CONSUMER BEHAVIOR

TABLET PRE-WASH HABITS

PRE-WASH HABITS
(% of response)

UNITED STATES

FRANCE

GERMANY

UNITED KINGDOM

AUSTRALIA

SPAIN

Gels are most popular where pre-wash habits are prevalent. Source: DISH Issue 4

Many consumers switch to
gel detergents after a few
frustrating experiences with
powders or tablets failing to
dissolve. Because these users
typically pre-rinse their dishes,
the gel appears success-

ful effectively masking any
performance gaps. In reality,
the gel format fundamentally
compromises cleaning power.
Higher water activity and
greater interaction between
ingredients pose severe sta-
bility challenges for enzymes,
leading to denaturation,
autolysis, and a loss

of activity. This com-
bination of consumer
habit and misconcep-
tion explains why gels
retain a 20 percent
market share in the
United States, despite
clear research sug-
gesting inferior sus-

tainability and performance.
If brands can convince con-
sumers to stop pre-rinsing,
then consumers may become
more likely to notice which
detergents perform best.

REAL-WORLD
IMPACT STARTS AT
THE MOLECULAR
LEVEL

Detergents that really do
perform best use enzyme-
based biotechnology. These

Detergents that really do
perform best use enzyme-
based biotechnology. These
enzymes speed up and
boost cleaning power.

enzymes speed up and boost
cleaning power by breaking
down insoluble molecules into
soluble sub-components.

Creating a perfor-
mance-boosting enzyme
requires a complex, multi-
step engineering process. Our
ingredients optimize for needs
such as long-term stabil-

ity, cold-water washing, and
chemical-based ingredients
replacement using protein
engineering techniques and Al
and machine-learning tools.
For example, to engineer the
protease EXCELLENZ® P
2250, researchers eval-
uated 269 amino acid
sequences, put four
candidates into pre-
development, tested

19 single-amino-acid
mutations, and evaluated
12 variants in full-scale
automated dishwasher
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applications before finding
the optimal formula to fight
protein stains.

Another enzyme product,
MARVELLENZ® 2000, is an
optimized blend of protease
and amylase, engineered

to remove stains like starch,
pasta, egg yolk, and minced
meat. Crucially, this blend out-
performs traditional standards
even at low, energy-saving
temperatures like 40°C and
45°C, effectively enabling
consumers to use short cycles
without sacrificing perfor-
mance.

However, even the best
enzyme is useless if it
degrades before reaching the
dishwasher. A major problem
for formulators is preserv-

ing enzyme efficacy across
product packaging and wash
conditions. A technological
solution to this problem is

our proprietary ENZOGUARD®
granulation technology.

This innovation protects

the enzymes with a layer

that shields them from the
degrading impacts of bleach
and ambient humidity, ensur-
ing prolonged stability and
consistent cleaning over time.
Even with a protective layer,
enzymes must be optimized
across real-world conditions.

Variables like cycle length,
water hardness, detergent
format and temperature alter

AMINO ACIDS EVALUATED FROM OUR LIBRARY

269

MUTATIONS (SINGLE AMINO ACID CHANGES)
FURTHER TESTED

* 19

PROTEASE VARIANTS EVALUATED IN
FULL-SCALE ADW APPLICATION

* 12

CANDIDATES PUT FORWARD INTO
PREDEVELOPMENT

4

° All to engineering
1 winning enzyme:
EXCELLENZ® P 2250

Protein engineering by the numbers
Source: DISH Issue 1

enzyme effectiveness, so
developers must build tar-
geted, high-performing solu-
tions around real consumer
conditions. It is not enough to
know a biological product’s
chemical profile; developers
must understand how it will
perform inside a machine in
someone’s kitchen.

This requires applications
testing that recreates the
extremes of consumer con-

ditions. The industry needs

a global network of appli-
cations labs to ensure that
regional water conditions,
appliance preferences, and
common local food soils are
all accounted for in the devel-
opment process. To guaran-
tee efficacy across conditions
formulators manipulate water
hardness during testing to
simulate conditions ranging
from soft Scandinavian water
to the mineral-heavy water

of the American Midwest and
test detergents on over 10,000
specific soils across a variety
of globally popular machine
brands. During an applica-
tion’s test, pH and conductivity
profiles are continuously and
precisely measured through-
out the entirety of a wash
cycle.

Even when innovating at the
molecular level, the difference
between good and great is
not a direct function of clean-
ing power. It is a result of how
well the real-world concerns
and realities of consumers are
reflected in the enzymes that
clean up after them.

Nergis Ulubilir Coskun is Segment
Leader Dish at IFF. She can be
contacted at nergis.ulubilir@iff.com.
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