
CRUMB COATING FOR FOOD PRODUCTS This invention relates
to a crumb or breadcrumb (referred to as a crumb for
simplicity) for use in coating food products,
particularly but not exclusively for food products
which are frozen for storage before use. The invention
also relates to a process for making the crumb.
Particularly preferred crumb coatings are suitable for
cooking or reheating from the frozen state using a
microwave oven. Especially preferred crumb coatings
are also suitable for cooking or reheating using a
conventional oven, grill or by frying. The invention
also relates to crumb coated food products, which may
be cooked or reheated using any of: a microwave oven,
conventional oven, grill or by frying, preferably by
any of these methods. Commercially produced crumb may
be made by two processes. Real breadcrumb is derived
from bread baked in a traditional manner and
subsequently dried. The bread is then comminuted to
form crumb particles of a variety of sieve sizes and
dried as required for various coating applications. In
the electrolytic process, bread is baked without using
yeast in a similar way to unleavened bread and then
dried. The bread may be formed as blocks or pellets
and then comminuted to form crumbs of various sizes,
which are then dried. This kind of bread can form
flakes. Such flakes are commonly referred to as
Japanese style crumb. Commercially produced crumb may
deteriorate and become stale after three to six months
due to the effects of moisture, microbial damage and a
breakdown in the molecular structure of the crumb.
This staling manifests itself as a toughness and
chewiness of the crumb and may be accompanied by
off-flavours. The presence of water is a key factor in
this deterioration process. When commercial crumb is
applied to a food substrate such as fish, meat, dairy 



products, vegetables or fruit followed by flash
frying, a crisp coated product may be produced,
irrespective of the quality of the crumb prior to
frying. However, the fried crumb will deteriorate over
time during chilled or frozen storage, despite the
fact that the oil introduced during frying acts as a
moisture barrier. The rate of deterioration may depend
on the quality of crumb used. Ifa chilled or frozen
fried crumb product is heated from the frozen slab
using a microwave oven this results in a crumb, which
is wet and soggy and therefore unpalatable. Such
products are generally recovered from frozen or
chilled in the oven and are cooked for 20 minutes,
longer at 2000C, or longer. These products cannot be
regarded as microwavable. Problems due to crumb
deterioration lead to an inconsistent end product,
which does not have a sufficient predetermined shelf
life. Variation in the quality of the crumb can lead
to a breakdown of the crumb particles causing an
excess build up of fine particles. This results in a
poor coating quality. WO99/44439 discloses a method of
manufacture of a breadcrumb food product wherein a
breadcrumb is contacted with an aqueous solution of a
gelling agent, followed by drying and application as a
coating to a food product. According to a first aspect
of the present invention, a method of manufacture of a
crumb coated food product comprises the steps of:
forming an aqueous mixture comprising: a flour mixture
comprising one or more flours, sodium bicarbonate,
optional additives selected from processing aids,
salts, colourants and, water; adding the mixture into
an extruder; adding an aqueous gelling agent to the
extruder; extruding the resultant mixture at a
temperature greater than 1000C to form an 



extrudate; allowing the extrudate to expand to form a
porous product; drying the product, and milling the
dried product to form a crumb. The crumb forms
coatings, which are preferably reheatable or cookable
using a microwave oven. Alternatively or preferably,
in addition the crumb forms coatings, which may be
reheated or cooked by more than one, preferably all of
these methods. This avoids any need for formulation of
different crumbs for various products.The gelling
agent is preferably added to the extruder at a point
downstream of the start of the extrusion of the flour
mixture. This is important to reduce blocking of the
extruder screw. The process therefore preferably
comprises the steps of extruding the flour mixture,
adding the gelling agent of the extruder and extruding
the resultant mixture of flour mixture gelling agent.
The process of the present invention has an advantage
that the gelling agent is intimately mixed with the
flour prior to drying and milling. In this way, the
crumb has optimum moisture resistance allowing a
cooked product to be frozen for storage and re-heated
from the frozen state, for example in a microwave
oven. The flour mixture may comprise two or more
flours; a mixture of two flours is particularly
advantageous allowing the properties of the mixture to
be controlled while retaining simplicity of
manufacture. Preferably, the flour mixture has a low
Hagberg Falling Number (HFN). A HFN below 350 is
preferred, more preferably less than 250, or even more
preferably less than 170. Ranges of 50 to 350,
preferably 50 to 250 more preferably, 50 to 170 may be
employed. The average HFN may be determined from the
HFNs of the individual constituent flours and their
relative proportions. Hagberg Falling Number (HFN) is
an indicator of the alpha-amylase activity in flour. A



high HFN indicates low alpha-amylase activity. This
means that the flour is less degraded by the enzyme.
The Hagberg test is described by S. Hagberg in Cereal
Chemistry 3 7, 218.222 (1960) and 3.202-203 (1961). In
the Hagberg test, the falling number is measured for a
flour sample. In this process, the wheat to be
analysed is milled, conventionally in a high-speed
hammer mill, and a standard amount of the flour is
combined with a standard amount of water in a standard
test tube. The mixture is heated for a standard time
during which it is gently agitated and then the time
is measured for a standard plunger to fall a standard
distance through the paste, which is formed. The time
(in seconds) for the plunger to fall is added to the
time during which the flourwater mixture is heated (60
seconds) to give the falling number or the Hagberg
number for the wheat sample.Flours with various gluten
contents may be used, although a low gluten content is
preferred. The percentages or other amounts in this
specification are by weight unless indicated otherwise
and are selected from ranges quoted to total 100%. A
mixture of biscuit flour and wholly or partially
denatured flour may be used in the flour mixtures of
this invention so that the mixture has the
characteristics of a hard flour. This results in a low
average HFN. A proportion of about 30-70% flour, which
has been partially or wholly denatured by heat
treatment, is especially preferred. A preferred flour
mixture comprises Amount/% HFN First flour 70 - 30 350
Second flour 30 - 70 220 A further preferred flour
mixture comprises: Amount/% HFN 



First flour 60 - 40 350 Second flour 40 - 60 220 A
further preferred flour mixture comprises: Amount/%
HFN First flour 50 350 Second flour 50 220 The first
flour may be selected from: Heygates C.Heat.A flour
(completely thermally denatured); Hutchisons Golden
Queen cake flour (partially thermally denatured)
(HFN350); Condor 3030The second flour may be selected
from: Heygates DM7 biscuit flour (HFN 50 to 220,
depending on seasonal variations, average 120;
Hutchisons Scotch biscuit flour (HFN 220);
Oorevaar/Bindbloem IAF 2633. The flour mixture is
preferably selected by adjustment of the relative
proportions of the first and second flours to
compensate for seasonal variations in the individual
ingredients. Glyceryl stearate may be used as a
processing aid in the flour composition to lubricate
the flour mixture during passage through the extruder.
An amount of about 0.3 to about 1%, preferably about
0.6% may be employed. Sodium bicarbonate may be added
as conventional baking powder, for example including
disodium diphosphate BEX baking powder manufactured by
Thermophos International BV may be used. The gelling
agent may be a hydrocolloid. A variety of gums may be
employed, for example Arabic, tragacanth, karaya and
ghatti. Use of guar gum or locust bean gum is
especially 



preferred. Mixtures of hydrocolloids may be employed.
Modified gums and cellulose derivatives for example
carboxymethylcellulose, methylcellulose, hydroxypropyl
methylcellulose, methyl ethyl cellulose and
hydroxypropyl cellulose may also be employed. Gums,
especially guar gum or locust bean gum may be present
at a concentration from a trace to about 3% by weight,
preferably about 0.25 to about 2.5%, more preferably
about 0.7 to about 1.3 most preferably about 1% by
weight. Mixtures of two or more of any of the
aforementioned gums may be used. Mixtures of guar gum
and xanthan gum are preferred. A small amount of
xanthan gum may also be employed, e.g. about 0.1% to
0.75% in addition to the guar gum. The aqueous gelling
agent is preferably injected into the extruder, for
example from a pressurised tank or other container at
a low-pressure location zone in the extruder so that
theflour mixture is partially extruded prior to
addition of the gelling agent. The gelling agent in
the container may be pressurised and left to stand to
allow any air bubbles to escape prior to use. A
processing aid may be added to the gelling agent.
Sodium metabisulphite or sodium bisulphite may be
added to bleach the flour during the extrusion. An
amount of about 1% of sodium metabisulphite in the gel
is particularly preferred. The extrudate may be
extruded from the outlet of the extruder as a
temperature above 1000C preferably about H O0C. The
expansion of water vapour forms air bubbles within the
extrudate so that a porous mass suitable for milling
into crumb is obtained after cooling and drying.
Heating may be achieved by the shear force in the
extruder or by means of external heating. The
extrudate is preferably cut into pieces as it leaves
the extruder so that individual "bubble" pieces are
formed during expansion. A rotating blade may be
located adjacent the extruder die to cut the emerging
flow of extrudate into pieces of a convenient size
e.g. 1.0 mm in 



diameter after expansion. The bubble pieces may be
spheroid or preferably a circular, flattened shape to
facilitate drying of the interior without over drying
of the exterior regions. Preferred embodiments make
use of a twin-screw extruder (TSE) because of the
improved mixing, gentler processing and improved
kneading capabilities (across a range of initial
particle sizes). A single screw extruder can also be
used. TSEs also benefit from the fact that, in
comparison to single screw extruders, they provide
greater process control and positively convey the
material between the flights and elements on the
screws. Additionally, the complementary nature of the
two screws effect a self-cleaning process so the
extruder is less likely to suffer from processed
product being burnt onto the screw/barrel/die or
otherwise retained in a particular zone of the
extruder for an inappropriate length of time. In the
TSE, there may be essentially three regions, namely:
i) the feed zone for the flour mixture; ii) the feed
zone for the gelling agent, and iii) the mixing zone.
The TSE therefore acts as a complete processing
apparatus in which ingredients are sequentially fed
into the extruder and mixed, formed, extruded and
sheared in one continuous process. The high
temperatures that can exist within the TSE provide an
effective bleaching and sterilization process that
activates the bisulphite bleaching agent, and destroys
harmful microorganisms while minimizing the loss of
nutrients or flavours in the food being
produced.Within a barrel of the TSE, intermeshed
co-rotating screws (or counter rotating screws,
subject to choice) cooperate to produce a homogenized
mixture that, ultimately, is continuously extruded
through the die to produce an expandable, formable or
pelletized product. Generally, shear (mechanical)
heating is the predominant process within the
extruder, although temperature control (including
temperature maintenance) may be achieved through the
use of barrel heaters strategically located along
zones of the extruder. In the feed zone, raw
ingredients are fed into the head of the extruder
(remote from the die) from the storage tanks. In the
mixing zone, the mixture is homogenized. Finally, the
shape 



of the product is formed in the forming zone. In the
preferred embodiment, the TSE forms an expanded
product since the process gradually increases
temperatures and pressures, while the moisture content
in the mix is accurately controlled. When the mixture
is forced through the die, the mixture experiences a
change in atmospheric pressure whereby internal
moisture turns to steam and causes the expansion or
puffing out of the cooked mixture to form the
"bubble". A circular die or an array of circular dies
may be employed. Preferred dies have a diameter of 1
to 5 mm. Star shaped dies may be also used. The swell
time in the extruder may be about 3 to 6 seconds.
According to a second aspect of the present invention
there is provided a crumb manufactured in accordance
with the present invention. According to a third,
aspect of the present invention there is provided a
crumb coated food product comprising a substrate
coated with crumb manufactured in accordance with a
first aspect of this invention. The crumb in
accordance with this invention may be applied to a
variety of food substrates including red meat,
chicken, fish, cheese and vegetable. The substrate may
be treated beforehand with a stabiliser composition as
disclosed in WO97/03572, the disclosure of which
specification is incorporated herein by reference for
all purposes. The invention is further described by
means of example but not in any limitative
sense.Example 1 A flour composition was prepared as
follows: Flour mixture 96.4% Sodium bicarbonate (Bex
baking powder) 2.0% Glyceryl Monostearate (Abimono
SS40P) 0.6% Salt 1.0% 100.0% 



A Clextral twin-screw machine extruder was used but a
Buhler twin-screw extruder may be used. The gelling
agent Novatex SC2 was as follows: Guar gum 67.00%
Sodium metabisulphite 33.00% 100.00% The Novatex SC2
is then hydrated at 3% in 97% water. This can be done
using a paddle mixer but a high shear mixer is
preferred. The hydrated mix should stand for at least
12 hours after mixing. The ingredients were mixed in a
holding tank sited at the rear of the extruder. Four
flour mixtures were used. Run l Hutchinsons Golden
cake flour (150kg per hour) was mixed with water (35kg
per hour) to form a slurry. The slurry was fed into
the extruder. The hydrated gelling agent was injected
into the flat zone of the extruder in an amount of
7.5% (13.88 kg per hour). The extruded mixture was
chopped into pieces and allowed to expand to form a
bubble. When dried to a moisture content of 2% w/w the
bulk density was 150g.l \ The bubble was dried and
milled and the resulting crumb was short and crisp.
Application to a food substrate made a hard crumb
coating. The dried bag product had a shelf life
exceeding 12 months.Run 2 The flour mixture was:
Hutchisons Golden Queen cake flour (HFN 350 50%)
Hutchison Scotch Biscuit flour 16 (HFN 220 50%) The
dry mixture (150 kg per hour) was blended with water
(35 kg per hour) to give a slurry (185 kg per hour)
and injected into the extruder. The gel composition
was injected at 7.5% by weight (13.88 kg per hour).
The resultant bubble was slightly lighter smaller and
more compact. When 



dried to 2% the bulk density was 182g.l . After drying
and milling, the crumb was found to be crisp, short
but with a harder bite than in Run 1. The crumb was
resilient, coated the product well and was stable with
a shelf life exceeding 12 months, the product resisted
moisture migration. Run 3 The flour mixture was:
Hutchisons Biscuit flour. The flour mixture ( 1.50 kg
per hour) was blended into particle sizes. Crumb
Particle Analysis for Run 2 MIN MAX Retained on a 4.00
mm sieve 3% 5% Retained on a 3.50 mm sieve 10% 20%
Retained on a 2.00 mm sieve 25% 40% Retained on a 1.00
mm sieve 20% 25% Through a 1.00 mm sieve 20% 25%
Example 2 A flour composition was prepared in
accordance with example 12, except that the following
flour mixture was used. Condor 3030 50%
Ooievaar/Bindbloem IAF 2633 50% A Clextral twin-screw
extruder was used. Mixing was undertaken in 50 litre
containers using a small paddle mixture in 5x30 kg
batches. The 150 kg of the mixture was then poured
into a stainless steel tank for use on the production
line. The gel was injected at 7.5% andproduced an
expanded bubble with a bulk density of 182 g.l ' when
dried to a moisture content of 2% w/w or lower. 



The dry ingredients (249 kg per hour) were blended
with water (68.1 kg per hour) to give a slurry (3 17.1
kg per hour). The gel was injected at 7.5% (23.78
kilos per hour). The bubble was wet milled and dried
at a 1000C to a moisture content of 6.44. The bulk
density of the dried milled crumb was 235 gl 1 but the
moisture content was 2%. A 5 mm die was found to give
the best results. Example 3 A flour composition was
prepared in accordance with example 1, except that the
following flour mixture was used: Heygates B C.Heat.A
flour 50% Heygates DM7 biscuit flour 50% The mixture
was extruded on a Clextral extruder. The bubble was
dried to a moisture content below 2% and then milled.
Drying was carried out in a fluid bed dryer at around
9O0C for 15 minutes. The dried product was milled to
specific grist sizes and blended as required for the
particular products. For example, four chicken pieces
were coated with a pre-dust (CFS Opti Flour) and
batter was applied using a tempura batter applicator.
Coating of the crumb prepared in example 3 was applied
in a single pass using a CFS Crumb Master. The coated
product was fried at 1840C for up to 3.5 minutes using
rapeseed oil. The fried product was cryogenically
frozen packed and stored in steel containers at -180C.
After storage for 30 days, the products were heated in
an 85OW oven for 2.5 min. The cores of the particles
reached a minimum 7O0C and were left to stand for 3
minutes before testing. The chrysalis of the product
was analysed and found to be satisfactory. Example 4 



Pre-dust (CFS Opti flour) was hydrated to a
concentration of 1% and the gel was applied to the
chicken pieces using a tempura batter applicator. A
coating of fine crumbs wasapplied to the gel using a
Crumb Master crumb applicator. The fines had a
dimension less than lmm. Batter was applied using a
tempura batter applicator and the crumb of example 3
was applied using a CFS Crumb Master applicator. The
product was fried at 1840C for 3.5 minutes
alternatively the coated product was flash fried for
up to 1.5 minutes and further cooked in a hot air
tunnel at 2.2O0C or higher for up to 4 minutes to give
the desired result. The cooked product was cooled with
air knives when exiting the fryer or hot air tunnel.
The product was cryogenically frozen, packed in
impermeable packaging, preferably gas flushed with
nitrogen, and stored with a core temperature at -250C
or lower.CLAIMS 1. A method of manufacture of a crumb
coated food product comprising the steps of: forming
an aqueous mixture comprising: a flour mixture
comprising one or more flours, sodium bicarbonate,
optional additives selected from processing aids,
salts, colourants and, water; adding the mixture into
an extruder; adding an aqueous gelling agent to the
extruder; extruding the resultant mixture at a
temperature greater than 1000C to form an extrudate;
allowing the extrudate to expand to form a porous
product; drying the product, and milling the dried
product to form a crumb. 2. A process as claimed in
claim 1 wherein the step of extruding the flour
mixture is followed by the steps of adding the gelling
agent to the extruder, and is followed by the 



step of extruding the resultant mixture of flour
mixture and gelling agent. 3. The process as claimed
in claim 1 or 2 wherein the flour mixture comprises
two or more flours. 4. A process as claimed in any
preceding claim wherein the flour mixture has a
Hagberg falling number (HFN) below 350. 5. A process
as claimed in claim 4 wherein the HFN is below 250. 6.
A process as claimed in claim 5 wherein the HFN is
below 170. 7. A process as claimed in any preceding
claim wherein the flour mixture comprises biscuit
flour and wholly or partially denatured flour. 8. A
process as claimed in any preceding claim wherein the
flour mixture comprises: Amount/% HFN First flour 70 -
30 350 Second flour 30 - 70 2209. A process as claimed
in claim 8 wherein the flour mixture comprises:
Amount/% HFN First flour 60 - 40 350 Second flour 40 -
60 220 10. A process as claimed in claim 7 wherein the
flour mixture comprises: Amount/% HFN First flour 50
350 Second flour 50 220 11. A process claimed in any
of claims 8 to 10 wherein the first flour is selected
from: Heygate C.Heat.A flour; Hutchisons Golden Queen
cake flour; and Condor 3030 12. A process as claimed
in any of claims 8 to 11 wherein the second flour is
selected from: Heygates DMM biscuit flour; Hutchisons
Scotch biscuit flour; and Oorevaar/Bindbloem 



IAF 2633 13. A process as claimed in any preceding
claim wherein the flour mixture includes glyceryl
stearate in an amount of 0.3 to 1%. 14. A process
claimed in claim 11 wherein the glyceryl stearate is
present in an amount of 0.6%. 15. A process as claimed
in any preceding claim wherein the gelling agent is a
hydrocolloid. 16. A process as claimed in any
preceding claim wherein the gelling agent is selected
from gum Arabic, gum tragacanth, karaya gum and ghatti
gum. 17. A process as claimed in any of claims 1 to 15
wherein the gelling agent is guar gum or locust bean
gum. 18. A process as claimed in any preceding claim
wherein the gelling agent is guar gum.19. A process as
claimed in claim 16 wherein the amount of guar gum is
from 0.1 to 3%. 20. A process as claimed in claim 17
comprising 0.25% to 2.5% guar gum. 21. A process as
claimed in claim 18 comprising 0.7% to 1.3% guar gum.
22. A process as claimed in claim 19 comprising 1%
guar gum. 23. A process as claimed in any preceding
claim wherein the gelling agent comprises a mixture of
guar gum and xanthan gum. 24. A process as claimed in
any preceding claim wherein the gelling agent includes
sodium metabisulphite or sodium bisulphite 25. A crumb
manufactured by the process of any preceding claim.
26. A crumb coated food product comprising a substrate
coated with a crumb manufactured by the process of any
of claims 1 to 24. 


