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Summary Bakery foods may be leavened by gas originating from the reaction of specific ingredients in chemical

leavening or so-called baking powder. The latter contains alkaline- and acid-reacting compounds that are

activated when water is added to make the dough. Care should be taken to prevent premature cross-

reaction of active ingredients. The aim of this study was to review keeping properties and non-reactive

ingredients in chemical leavening. Information was mainly found in 160 patents, not in the scientific liter-

ature. Inventors proposed neutral fillers, anticaking agents and household packaging to control moisture

absorption in powders. Chemical leavening carried dough processing aids, nutrients and flavour

improvers. Miscellaneous coating materials were introduced to delay gas production in dough refrigerated

over prolonged periods. Neutral fillers like corn starch and, more recently, coatings for leavening acids

were the most popular solutions for extending the shelf-life of chemical leavening.

Keywords Baking powder, chemical leavening, coating, filler, patents, preservation.

Introduction

Dry chemical leavening preparations may be used to
expand the volume of bakery products to get light and
spongy texture (G�elinas, 2021). Active ingredients in so-
called baking powders are gas-releasing compounds,
which are triggered by acid-reacting material. Flour con-
taining baking powder is called self-rising flour. Legally,
on food labels, baking powder shall be a combination of
sodium or potassium bicarbonate, an acid-reacting mate-
rial, starch or other neutral material, which may contain
an anticaking agent and shall yield not less than 10% of
its weight of carbon dioxide, as determined by official
method (Minister of Justice of Canada, 2023). A recent
in-depth literature review stressed the importance of
selecting the right chemical leavening composition
according to the nature of bakery food (Russell, 2018a).

Acceptable baking powder activity may extend to
about 1 year under optimal storage conditions, includ-
ing moisture-proof packaging and storage at low
temperature in dry environment (Heidolph, 1996).
After opening packaging, commercial baking powder
retains acceptable gas-forming capacity for 3–6 months
(Russell, 2007).

Early baking powders quickly lost strength during
storage (Crampton, 1889; Hunt, 1900). Depending on

manufacturing, packaging and storage conditions,
sodium bicarbonate released variable amounts of gas
in powders (Gibson, 1886). A study on commercial
baking powders in retail stores in the USA concluded
that most products had vastly different gassing power
(Mallet, 1888). These results were confirmed by Corn-
wall (1889). Variability in the activity of chemical leav-
ening preparations was due to the following: (i)
variation in the proportion of filling material (starch),
(ii) variable character of sodium bicarbonate employed
(containing a larger or smaller proportion of true
bicarbonate), (iii) greater or less purity of acid-reacting
ingredients, (iv) greater or less care in the adjustments
to each other in proper proportions of the soda and
the acid ingredients, (v) want in due care to insure uni-
form mixture of the ingredients, (vi) mainly to greater
or less absorption of moisture from the air in keeping
different degrees of care in drying the materials, and in
putting up the powder in packages for sale, (vii) and
difference in age of some of the chemical leavening
samples (Mallet, 1888). For many early baking powder
manufacturers, the sole element of cheapness obscured
all other attributes, including healthfulness and keep-
ing properties (Newton, 1889).
The aim of this report is to review keeping properties

and non-reactive ingredients in chemical leavening. To
our knowledge, this is the first in-depth literature review
on this subject matter. Information was mainly found in*Correspondent: E-mail: pierre.gelinas3@agr.gc.ca
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‘letters patent for inventions’, referred to for short as
patents (Bloxam, 1957). Patents protect technical inven-
tions, for example, a product, a process or an apparatus;
the owner has to fully disclose the invention (European
Patent Office, 2023). Rarely cited in peer-reviewed scien-
tific reviews, patents are a unique source of information,
as stressed in companion reviews on chemical leavening
(G�elinas, 2021, 2022a,b,c). This article should help food
scientists to better understand long-term evolution and
future challenges associated with chemical leavening for
baking applications.

Solutions for improving the keeping properties of dry
chemical leavening preparations mainly include neutral
fillers, anticaking agents, coating materials and packag-
ing. During the course of this study, we found that
inventors proposed chemical leavening preparations car-
rying dough processing aids, nutrients and ingredients
for reducing off-taste in baked products. Objectives of
patented inventions are presented, with historical con-
text and scientific evidence, including more details as
Supporting Information (Tables S1–S9; Figs S1 and S2).

Neutral fillers

Chemical leavening is diluted with large amount of
neutral filler to prevent cross-reaction of active reac-
tants, limit moisture absorption and adjust gas-
forming capacity. Not less than nineteen types of fillers
have been described in patents on baking powder
(Table 1); more details are given in Table S1. Inven-
tors had major interest in cereal or starchy by-
products like wheat flour, malt flour, potato starch,
gluten, cellulose and cob corn meal. Solid fat and
dairy products were also popular. Food additives with
strong water-absorbing capacity were patent protected,
including calcium carbonate, calcium sulphate, diato-
maceous earth and fruit peels.

Objectives

There was a need for cheap, non-reactive and water-
absorbing materials that would improve the durability
of chemical leavening. Such solution was more conve-
nient than separate packaging for bicarbonates and
acids (Walker, 1866). In the 1950s and earlier, alterna-
tives were searched for corn starch, the most popular
filler, due to its short supply and prohibitive cost
(Barch, 1950; Novitsky, 1957).

Historical aspects

A Flour. Conant (1842) was the first inventor to mix dry

flour with leavening acids such as cream of tartar to

protect the acid with flour particles. Turner & Hollo-

way (1853) used rice flour with small amount of

arrowroot.

Table 1 Neutral fillers for chemical leavening, with patent
priority date*

Compound

Priority date; first inventor;

patent number

1. Calcium carbonate 1885; Peters; US 331542

1885; Nowell; GB 188512178

1947; Barch; US 2532281

2. Calcium biphosphate; Ca2H2P2O8 1901; Kochs; US 673057

3. Calcium citrate 1937; Aeckerle; US 2238149

Calcium stearate: see fat, solid

4. Calcium sulphate (gypsum; plaster) †

1954; Novitsky; US 2793121

5. Calcium tartrate, neutral 1928; Weil; GB 304230

6. Casein; caseinate 1901; Just; US 692451

1903; Teller; US 749643

1920; Bleyer; DE 344707

Chalk: see magnesium carbonate

7. Corn cob meal or cellulose flour 1943; Tornow; DE 752600

8. Disodium phosphate, anhydrous 1913; Holbrook; US 1113632

9. Fat, solid; lard; calcium stearate; oil-

free stearin; hydrogenated oils

†

1876; Rosser; US 192716

1885; Marsh; US 329419

1890; Catlin; US 439267

1907; McFarland; US 884606

1915; Holbrook; US 1210940

1917; Atkinson; US 1264592

1962; Stegano; FR 1345671

1997; Rodiguez; EP 0882401

10. Flour (wheat; malt; corn; rice; potato) †

1842; Conant; GB

184510555

1845; Jones; GB 184510555

1848; Sewell; GB 184812030

1884; Carter; GB 188411334

1886; Watkins; GB

188605162

1901; Oetker; DE 144289

1914; Jessop; GB 191424286

1922; Rahn; DE 418341

1942; Deutsche Mazeina

Werke; FR 894472

11. Fruit peels (lemon or orange) 1917; T€ollner; DE 309712

12. Gluten 1905; Kellogg; US 932138

1911; Beatty; US 1034677

13. Kieselguhr; diatomaceous earth;

lycopodium

1928; Schott; US 1952947

14. Magnesium carbonate; chalk; MgCO3 1885; Peters; US 331542

1885; Nowell; GB 188512178

15. Milk powder (skimmed) 1895; Gregory; US 544975

1907; Hooker; GB

190700053

16. Pyrophosphates, neutral 1927; Weil; GB 303353

17. Starch (gelatinised; potato; maize;

corn)

†

1864; Horsford; US 41815

1880; Horsford; US 229705

1911; Remington; GB

191118716

1912; Strickler; US 1150901

1914; Beatty; US 1170474
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Flour was not a lasting solution because it contains
fat that may combine with oxygen and become rancid
(Catlin, 1890). For similar reasons, bran-rich flour had
low potential for inclusion in baking powders (Schiller,
1950). Leavening acids like tartrates accelerated flour
rancidity (Watts et al., 1949). Between 1910 and 1940,
incorporation of flour in chemical leavening was pro-
gressively abandoned, partly due to scarcity during
war periods in Europe (Fig. S1).

B Starch. Also called maize starch, fat-free corn starch has

long been the most popular filler for dry chemical leav-

ening preparations due to its remarkably high degree of

lightness (Thatcher, 1890; Mendelsohn, 1939). It was

commercially available before 1850 (Bragg, 1850; Civi-

tello, 2017). For example, in 1843, Alfred Bird used corn

starch to dilute yeast-free artificial leavening composi-

tion containing cream of tartar and sodium bicarbonate

and to stabilise the texture of egg-free custard (Cam-

eron, 1898; Page, 2013; Kudos Blends, 2023).

Inventors reported that corn starch was not entirely
satisfactory because it was prohibitive and absorbed
too much moisture from the air (Catlin, 1890;
Novitsky, 1957). Without claiming patent protection
and contrary to common belief, Horsford (1856) pre-
ferred using wheat flour with a smaller amount of
potato starch instead of corn starch, rice flour, gypsum
or solid fat.

Most early commercial baking powders contained
32% starch, ranging from 0% to 52% (Crampton, 1889).
Fifty years later, mean starch content in baking powders
was similar, about 35% (Bailey, 1940). Powders with
<10% starch were the least active gas-forming materials
and inclusion of more than 30% starch did not translate
into better keeping properties (Schiller, 1950). Not an
infrequent practice in the past, adding 50–70% filler in

chemical leavening was inadequate and associated with
falsification (Tillmans & Heublein, 1917).

C Others. Calcium carbonate would be an acceptable

neutral filler for baking powders (Brose et al., 2001;

Briggs, 2018). Another filler, calcium sulphate, would

react with sodium bicarbonate and trigger gas produc-

tion, allowing the use of more bicarbonate in biscuit

dough without leaving an alkaline taste (Patten, 1917).

To avoid dust in bakery plants, solid fat was recom-

mended as filler for chemical leavening in the form of

a paste (Rodiguez, 1998).

Scientific evidence

Neutral fillers would have limited effect on the preser-
vation of baking powders, especially those containing
very hygroscopic ingredients and stored under high rel-
ative humidity conditions (Catlin, 1890; Gallay &
Bell, 1936). Often containing much moisture, monocal-
cium phosphate tends to act spontaneously with bicar-
bonates (Hunt, 1900; Weil, 1929). Corn starch is an
effective protectant against acid reactants despite its
low water-absorbing capacity compared to potato
starch, which has coarser particles. Small starch parti-
cles would efficiently coat and stabilise acid compo-
nents in baking powders (Gallay & Bell, 1936).
Nowadays, in Canada, neutral fillers in baking pow-

der include only starch and calcium sulphate (Minister
of Justice of Canada, 2023). Corn starch is also a very
popular excipient or neutral filler in pharmaceutical
products (Kurniawansyah et al., 2022). Some individ-
uals have reported allergic reactions to corn starch
(Randolph, 1948; Kalikyan, 2020). Alternatives have
been searched. For example, resistant starch from
sweet potatoes might have some potential as food
filler, to increase dietary fibre (Bodjrenou et al., 2023).

Anticaking agents

Anticaking additives for food ingredients have been
reviewed (Peleg, 2020; Yapıcı et al., 2021). Corn starch
would have low anticaking properties in sugar (Irani
et al., 1959). According to Ellis (1950):

It is known that common salt and sugar are both
liable to cake on storage and that this objection
can be overcome by incorporating in them a small
proportion of magnesium carbonate or tricalcium
phosphate. Sodium bicarbonate has a slight ten-
dency to form lumps on storage, more particularly
when several hundredweight bags are stored on top
of one another, and it is not always free flowing.
The caking of sodium bicarbonate, however, does
not resemble the commonly known caking of

Table 1 (Continued)

Compound

Priority date; first inventor;

patent number

1918; Berry; GB134987

1919; Chemische Fabrik

Marienfelde; DE 335474

1926; Thornton; US 1689697

1929; McCollum;

US1771342

1942; Lloyd; US 2394791

1944; Lee; US 2424992

18. Strontium carbonate; SrCO3 1885; Peters; US 331542

19. Whey powder 1944; Lacroix; FR906505

*More details in Table S1 (Supporting Information).
†Not originally claimed as a patented invention. This neutral filler was

known before the 1830’s, or prior to the first patent on baking powders

that was granted to Whiting (1836).
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deliquescent materials; it is rather the formation of
lumps from the finally powdered material when
stored in warehouses, generally under compression
because of the height of the stockpile. For indus-
trial use, especially for mixing with flour for mak-
ing self-rising flour, it is highly desirable to avoid
the formation of lumps and also to have the
sodium bicarbonate in a free-flowing form so that
the mixing machinery operates uninterruptedly.

Twelve anticaking agents for baking powders have
been proposed, mainly targeting sodium bicarbonate
and other highly hygroscopic compounds like cream of
tartar and monocalcium phosphate (Table 2; Table S2).
Nowadays, lumps formation in baking powders may be
controlled with calcium silicate, allowed at 5% maxi-
mum, a much lower concentration than inert fillers
(Minister of Justice of Canada, 2023). Due to very high
hydrophilic properties, potassium bicarbonate may be
mixed with silicon dioxide, calcium stearate or magne-
sium oxide (Lubasch et al., 2018).

Coatings

Coating materials are a popular solution to protect
and delay the activity of chemical leavening agents. To
reduce hygroscopicity and delay reaction of bicarbon-
ates in dough, inventors were most interested in solid-
fat-like compounds having variable melting properties
such as lard, paraffin and wax, as well as miscella-
neous ingredients made of cellulose, gums and carbon-
ates (Table 3; Table S3). Compared to bicarbonates,
much more coating materials have been proposed for
leavening acids, not less than eighteen different types
(Table 4; Table S4). For example, as part of the
manufacturing process, insoluble glass-like skin may
be formed on monocalcium phosphate particles to
slow its rate of reaction in dough (G�elinas, 2022b).

Objectives

Inventors searched for alternatives to inert fillers,
which had limited effects on the keeping properties of
baking powders. There was a need to delay much gas
production in dough so gas would be released only
when heated, at the baking step.

Historical context

According to the earliest patent found on this topic,
sodium bicarbonate was sprayed with a solution of
magnesium sulphate, forming a dry coating of inert
and water-insoluble sodium carbonate; this process
prevented the reaction of alkaline bicarbonate with
acids in baking powders until water was added to
make dough (Horsford & Catlin, 1883). Many early

Table 2 Anticaking agents for chemical leavening, with patent
priority date*

Compound

Priority date; first inventor;

patent number

1. Calcium carbonate 1948; Ellis; GB 635393

2. Calcium disodium pyrophosphate

tetrahydrate

1961; Stahleber; US 3244478

3. Calcium hydroxy phosphate 1948; Ellis; GB 635393

4. Calcium hyperphosphate;

magnesium hyperphosphate

1961; Stahleber; US 3273960

5. Calcium silicate, hydrated; CaSiO3
† 1958; Miller; US 2933396

6. Disodium phosphate 1912; Strickler; US 1037078

7. Lactose (milk serum; milk sugar) 1889; Thatcher; US 422464

8. Magnesium carbonate 1931; Deutman; US 1913796

1948; Ellis; GB 635393

1991; Lajoie; US 5153018

9. Magnesium oxide (MgO) 1994; Lajoie; US 5552084

10. Silicon dioxide (SiO2); magnesium

silicate

1991; Lajoie; US 5153018

11. Starch, potato 1948; Foster; US 635394

12. Tricalcium phosphate ‡

*More details in Table S2 (Supporting Information).
†Originally claimed as a neutral filler.
‡Not originally claimed as a patented invention and cited by

Ellis (1950).

Table 3 Coatings for gas-releasing compounds (bicarbonates)
in chemical leavening, with patent priority date*

Compound

Priority date; first inventor;

patent number

1. Calcium carbonate 1882; Horsford; US 270668

2. Cellulose ether mixture

(HPMC)

1974; Harris; US 3959499†

1982; Torres-Mu~noz Barquin; ES

8401775†

3. Fat, liquid (vegetable oils) 2000; Redding; US 20020064587

2003; Domingues; US

20040208957

4. Fat, solid (stearin; stearic acid;

hydrogenated shortening)

1909; Federer; US 980936†

1941; Stokes; US 2372402

1972; Selenke; US 4022917

1976; Yoshitani; JP S5920328†

2010; Brown; WO 201114151

2014; Savary; WO 2016102603

2016; Shen; AU 2016102164

5. Gums (Arabic, carrageenan,

xanthan)

2012; Gaunt; US 20150071979

6. Magnesium carbonate 1882; Horsford; US 270668

Starch and other

polysaccharides; see gums

7. Waxes (including beeswax) 2000; Vaghefi; US 20010044026

HPMC, hydroxyl-propyl-methyl cellulose.

*More details in Table S3 (Supporting Information).
†Also, for acids (Table 4).
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coating materials gave disappointing results because
coating dissolved too late in the process, especially in
stiff or under-hydrated dough. Bread was often spot-
ted, resulting from local action of acid and soda parti-
cles coated with solid fat, for example (Catlin, 1890).
Caking was likely to result when powders mixed or
coated with fat-based ingredients were exposed to
ordinary maximum temperature and cooled. It was dif-
ficult to control the thickness of fat-based coatings. If
coating was too thin, this resulted in premature
gas production in dough. Many authors considered
that coating was too expensive compared to the
manufacturing cost of acid components in chemical
leavening (Toy, 1976).

Scientific evidence

New barrier materials for chemical leavening were
mainly introduced in patents. Before the 1990s, no
research data were available on encapsulation of active
ingredients for chemical leavening (Dorko & Pen-
field, 1993). The latter situation contrasts much with
intense peer-reviewed research and development activi-
ties on the preservation of active dry yeast
(G�elinas, 2019).
Benefits of microencapsulation for specific baking

applications are described in Lenz et al. (2018).
According to Lakkis (2007), chemical leavening agents
should preferably be coated with large amounts of
coating, up to 95%, which is much more than other
food applications. Particles should be very narrow in
sizing, preferably ranging between 50 and 100 lm
(Pacifico, 2003). For coating sodium bicarbonate, it is
recommended to use hard fats with fine grain sizing
(≦15 lm), provided that no lump or agglomerate is
formed (Bouchain, 2014). The most popular

Table 4 Coatings for acids in chemical leavening, with patent
priority date*

Compound

Priority date; first inventor;

patent number

1. Agar-agar 1907; Craig; GB 190703035

2. Albumen (egg whites) 1905; Paul; GB 190605564

1905; Best; US856672

3. Aluminium pyrophosphate 1941; Cobb; US 2291608

4. Barrier materials (fat and others) 1994; Chung; EP 0699392

5. Calcium acid pyrophosphate 1939; Cox; 2 263 487

1946; Alfred Bird and Sons

Ltd.; GB 608708

6. Calcium glycero-phosphate 1943; Monsanto Chemical; GB

636209

7. Calcium lactate 1943; Monsanto Chemical; GB

636209

8. Calcium polyphosphate 1954; Bell; US 2791488

9. Cellulose (HPMC and others) 1918; Lange; DE336665

1974; Harris; US 3959499†

1982; Torres-Mu~noz Barquin;

ES 8401775†

Dicalcium phosphate (see aluminium

pyrophosphate)

10. Dipotassium phosphate; with

magnesium oxide

2018; Zivkovic; US

20190335763

11. Fat, solid (ethereal oil; stearin,

shortening)

1904; Lampe; AT 22827

1909; Federer; US 980936†

1919; Blinn; US 1370272

1926; Geere; GB 276146

1958; Luther; CA 563621

1965; Brennan; US 3492128

1968; Miyazaki; JP S484541B1

1976; Yoshitani; JP S5920328†

1983; Hayashi; JP

H0360141227

1986; Katz; US 4792456

1999; Wakasugi; JP

2000333591

1999; Tamiya; JP 2001045961

2000; Uesugi; JP2001286255

2001; Pacifico; US

20030031773

2001; Domingues; WO

03020044

2003; Nukii; JP 2004313185

2004; Brinker; WO 2006065134

2008; Morris; US 20100015278

2009; Maeda; JP 2011067195

2013; Arai; JP 2014223042

2013; Xu; CN 103461750

2016; Arai; JP 2017163887

2017; Lubasch; EP 3372086.

2019; Hull; US 20210092963

12. Gelatin 1931; Fiske; US 1951328

Magnesium oxide (see dipotassium

phosphate)

13. Magnesium pyrophosphate 1940; Milligan; US 2297630

Magnesium stearate (see fat, solid)

Table 4 (Continued)

Compound

Priority date; first inventor;

patent number

14. Magnesium sulphate

(agglomerated)

1943; Monsanto Chemical; GB

636209

Paraffin (see waxes)

15. Potassium oxide 1938; Schlaeger; US 2160233

16. Sodium acid pyrophosphate 1946; Alfred Bird and Sons

Ltd.; GB 608708

17. Sodium lauryl sulphate 1937; Moss; US2222830

18. Waxes (paraffin and others) 1905; Weil; GB 190515667

1911; Oetker; GB 191100842

1926; C.H. Boehringer Sohn;

DE 507399

HPMC, hydroxyl-propyl-methyl cellulose.

*More details in Table S4 (Supporting Information).
†Also, for bicarbonates (Table 3).
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encapsulation techniques include fluid bed, bottom
spray (W€urster Process), tangential spray (rotor pro-
cess) and spray-chilling/cooling (Hull & Campanella,
2021).

Without acidulants, encapsulated sodium bicarbon-
ate would be the best solution when gas release is
highly controlled and fully delayed during long storage
periods, for example, in frozen cookie dough (Book &
Livvix, 2018). Co-encapsulation of baking powders
with solid-fat-like butter oil would be difficult to con-
trol and might result in major losses of leavening
activity (Onwulata et al., 1997). As mentioned above,
agglomerates of bicarbonates, those that do not dis-
solve completely, result in increases in pH and undesir-
able discoloration spots in the crumb. Cakes with a
denser texture may be obtained with encapsulated
bicarbonates if gas production is delayed too much,
especially with slow-acting leavening acids like GDL
(Diez-S�anchez et al., 2020).

Nowadays, major problems with coating materials
appear to have been solved so many encapsulated leav-
ening acids are now available (Book & Livvix, 2018).
For example, sodium bicarbonate may be coated with
glycerol monostearate and konjac glucomannan (Ding
et al., 2018a). Ammonium bicarbonate may be pro-
tected with a coat of palm stearin and carnauba wax
(Ding et al., 2018b). In general, coating of dry chemi-
cal leavening particles would mainly apply to very spe-
cific baking applications, to prevent premature gas
build-up and dough expansion in thawed and refriger-
ated dough.

Storage devices

For about 65 years, in particular, between 1871 and
1936, inventors proposed miscellaneous vessels for
storing and handling baking powders for home bak-
ing, to exclude air and moisture while allowing easy
measuring (Table S5).

Objective

There was a need for household storage devices that
prevented moisture absorption of hygroscopic mate-
rials such as baking powder and coffee.

Historical context

As reported by Bartlett (1894), baking powder rapidly
deteriorated when exposed to air and metal. Inventors
designed boxes, including closing devices, made of
pasteboard with the smallest amount of metal ends. To
avoid premature reaction, alkalis and leavening acids
were placed in separate packages in quantities suited to
the given weight of flour, as patented or recommended
by many inventors (Horsford, 1864a,b; Walker, 1866;

Ripley, 1871; Adair, 1904; Whitelaw, 1915; Umina &
Westcott, 1972). It was desirable to obviate the necessity
of using separate packaging, for the sake of economy
(Catlin, 1890). Alkalis and acids were also stored in sep-
arate compartments of the same vessel, as first proposed
by Wilson (1871), and later adapted by Clot-
worthy (1891), as shown in Fig. S2.
Developed before 1936, these inventions were for

household applications. In the USA, especially in the
South, baking powder was extremely popular for
home baking, being extensively used by 91% of fami-
lies, with an average annual consumption of 2.6 kg
(General Foods Corporation, 1934). Storage cans,
measuring vessels and grinding devices could also elim-
inate lumps in chemical leavening. A unique mixer for
homemade baking powder was patented to get insured
that the resultant mixture was free of starch or alum
or other adulterants (Table S5).

Scientific evidence

No comprehensive scientific report was found on phe-
nomena associated with the degradation of individual
active ingredients in chemical leavening according to
packaging conditions.

Other methods of the preservation of chemical
leavening

Besides the latter innovations on neutral fillers, coating
materials and storage devices, a few other techniques
were proposed to check and improve the keeping
properties of chemical leavening (Table S6). Cat-
lin (1892) introduced granular phosphate-based acids
to limit exposition of active material to moisture. To
expel moisture, Johnson (1922) centrifuged cake mixes
at elevated temperatures. Particles of acid and alkaline
reactants were rendered mutually repellent when
charged separately with high-intensity electrostatic
charge of like sign, preferably of a positive sign
(Fiske, 1938a, 1938b).
Kiely (1909) patented a test to determine the activity

of baking powders based on a gas-measuring vessel
in which water was displaced, corresponding to the
amount of gas generated. Earlier techniques were
described in the scientific literature (Catlin, 1893; Page,
2017). Official methods have been adopted in the 1920s
(Page, 2017; Russell, 2018b).

Dough improvers

Inventors proposed baking powders carrying processing
aids, like gums, to improve gas retention in dough
(Table S7). According to Mendelsohn (1939), dehydrated
egg whites were often compounded in early baking pow-
ders. An uncommon practice nowadays, colouring matter
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was added to baking powder sold as an egg substitute to
help cake batter expand (Bolm, 1918).

Baking powders carrying nutrients were also pro-
posed to improve bread’s nutritive value with minerals
(potassium and phosphorus) and protein (milk, egg
and blood) or supplemented with amylase to improve
starch digestibility (Table S8). It is not clear if food
nutritive value was much improved considering low
level of additional nutrients in baking powder and
dough. Inactive yeast-based preparations were pat-
ented to mask off-taste, a major problem associated
with baking powder (Table S9).

Conclusions

To our knowledge, this is the first complete literature
review on keeping properties and non-reactive ingredi-
ents in chemical leavening. Barely addressed in the sci-
entific literature, such information was mainly found
in 160 patents issued over about 200 years. This con-
firms that ‘letters patent for inventions’ contain much
knowledge. Many innovative solutions were proposed
to improve the durability of chemical leavening, as
summarised below.

1 Early baking powder preparations were very difficult to

keep and became lumpy under ordinary storage condi-

tions. As an alternative to separate packaging, inven-

tors proposed techniques to combine acids and bases in

chemical leavening preparations and dilute the latter

active ingredients with non-reactive ingredients. This

was a difficult challenge.

2 Not less than nineteen types of neutral filler were pro-

posed. Introduced in the 1840s, starch, especially corn

starch, is still the main neutral filler for baking pow-

ders, giving excellent results compared to wheat flour,

solid fat or gypsum, for example. Potential alternatives

to corn starch might target resistant starch for fibre

enrichment of bakery foods.

3 Nowadays, inventors have lost interest in neutral fillers

and household storage devices and stopped adding

nutrients and dough-processing aids to baking pow-

ders. Besides the dilution of active ingredients, neutral

fillers had limited impact on the durability of

chemical leavening, especially those containing highly

hygroscopic materials such as tartrates, lactates and

early phosphate-based leavening acids (G�elinas, 2022b,

2022c). It was not until the 1930s that more stable leav-

ening acids such as coated monocalcium phosphate

and sodium acid pyrophosphate were commercially

available, which is about the same period as acceptable

dry baker’s yeast but much later than compressed yeast

(G�elinas, 2017, 2019).

4 In more recent years, coatings for leavening acids have

been the most popular solutions to improve the dura-

bility of chemical leavening, especially to delay reaction

in dough stored under refrigeration (Fig. 1). Not less

than eighteen types of coating materials were proposed

for leavening acids, that is much more than seven types

recommended for bicarbonates. Better encapsulation

techniques now allow timely control of reaction rates

of acids and alkalis, including specific fat composites

melting at different temperatures. For example, highly

stable leavening acids like glucono-delta-lactone may

be coated so non-expanded dough may be stored for

very long periods.
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5 Based on information disclosed in patent specifications, it

may be difficult to select the best coating materials for

chemical leavening. Supplementary assays must be per-

formed to better suit individual needs. Future research ave-

nues include the development of better techniques to

evaluate the potential of coating materials in different bak-

ery formulations. Reasons for loss of activity in coated

acids and bicarbonates should be addressed, possibly based

on lessons learned with active dry baker’s yeast.

To sum up, improving the durability of chemical
leavening would likely optimise the concentrations of
its active ingredients, also contributing to the reduc-
tion of off-flavours in bakery products. More attention
should be given to the nutritive value of neutral fillers
in baking powders.

Author contributions

Pierre G�elinas: Conceptualization (lead); data curation
(lead); formal analysis (lead); investigation (lead); vali-
dation (lead); writing – original draft (lead); writing –
review and editing (lead).

Conflict of interest

There is no conflict of interest to declare.

Ethical approval

Ethics approval was not required for this research.

Peer review

The peer review history for this article is available at
https://www.webofscience.com/api/gateway/wos/peer-
review/10.1111/ijfs.16451.

Data availability statement

Data sharing is not applicable as no new data was
generated, or this article describes entirely theoretical
research.

References

Adair, J. (1904). Improvements relating to self raising flour and bak-
ing powder, also receptacles for storing such. GB Patent,
190312154.

Bailey, L.H. (1940). Development and Use of Baking Powder and
Baking Chemicals. Circular No. 138. Washington, DC: United
States Department of Agriculture.

Barch, W.E. (1950). Pyrophosphate baking powder. US Patent,
2532281.

Bartlett, G.H. (1894). Paper can. US Patent, 525937.
Bloxam, G.A. (1957). Letters patent for inventions: their use and
misuse. The Journal of Industrial Economics, 5, 157–179.

Bodjrenou, D.M., Li, X., Lu, X., Lei, S., Zheng, B. & Zeng, H.
(2023). Resistant starch from sweet potatoes: recent advancements
and applications in the food sector. International Journal of Biolog-
ical Macromolecules, 225, 13–26.

Bolm, F. (1918). €Uber Backpulver. Zeitschrift f€ur Untersuchung der
Nahrungs- und Genußmittel, sowie der Gebrauchsgegenst€ande, 35,
416–420.

Book, S. & Livvix, N. (2018). Acid sources. In: Chemical Leavening
Basics (edited by E.B. Russell). Pp. 25–48. St. Paul, MN: AACC
International.

Bouchain, W. (2014). Modified disodium pyrophosphate. US Patent
Application, 20140030379.

Bragg, T. (1850). Improvement in the manufacturing of starch from
maize. US Patent, 7850.

Briggs, M. (2018). Understanding baking powder. In: Chemical
Leavening Basics (edited by E.B. Russell). Pp. 59–66. St. Paul,
MN: AACC International.

Brose, E., Becker, G. & Bouchain, W. (2001). Chemical Leavening
Agents. Pp. 21–77, 2nd edn. Budenheim, Germany: Chemische
Fabrik Budenheim Rudolf A. Oetker.

Cameron, I. (1898). Miss Cameron’s Cookery Book. Pp. 142. London,
UK: The Epicure Office.

Catlin, C.A. (1890). Baking powder or preparation. US Patent,
439267.

Catlin, C.A. (1892). Baking-powder. US Patent, 474811.
Catlin, C.A. (1893). Improved apparatus for the volumetric determi-
nation of carbon dioxide and other gases. Journal of the American
Chemical Society, 15, 614–618.

Civitello, L. (2017). Baking Powder Wars: The Cutthroat Food Fight
that Revolutionized Cooking. Pp. 41–42. Urbana, IL: University of
Illinois Press.

Clotworthy, W.P. (1891). Packing baking-powder. US Patent,
462206.

Conant, A. (1842). Improvement in raising bread. US Patent, 2816.
Cornwall, H.B. (1889). Composition and comparative healthfulness
of the baking powders sold in this state. In: Report of the Dairy
Commissioner of the State of New Jersey, 1888 (edited by W.K.
Newton). Pp. 63–118. Trenton, NJ: The John L. Murphy Publ.
Co.

Crampton, C.A. (1889). Baking powders. In: Foods and Food Adul-
terants (edited by H.W. Wiley). Bulletin No. 13. Pp. 559–624.
Washington, DC: U.S. Department of Agriculture.

Diez-S�anchez, E., Llorca, E., T�arrega, A., Fiszman, S. & Her-
nando, I. (2020). Changing chemical leavening to improve the
structural, textural and sensory properties of functional cakes
with blackcurrant pomace. LWT–Food Science and Technology,
127, 109378.

Ding, B., Zheng, Q., Yi, X. et al. (2018a). Microencapsulation of
sodium bicarbonate based on glycerol monostearate and konjac
glucomannan wall systems by phase separation. Food Science and
Technology Research, 24, 249–255.

Ding, B., Zheng, Q., Pan, M., Chiou, Y., Yan, F. & Li, Z. (2018b).
Microencapsulation of ammonium bicarbonate by phase separation
and using palm stearin/carnauba wax as wall materials. Interna-
tional Journal of Food Engineering, 14, 20170270.

Dorko, C.L. & Penfield, M.P. (1993). Melt point of encapsulated
sodium bicarbonates: effect on refrigerated batter and muffins
baked in conventional and microwave ovens. Journal of Food Sci-
ence, 58, 574–578.

Ellis, E. (1950). Improvements in or relating to sodium bicarbonate.
GB Patent, 635393.

European Patent Office. (2023). What are patents and what do they
protect? https://www.epo.org/service-support/faq/basics.html Acces-
sed 24 March 2023.

Fiske, A.H. (1938a). Method of improving the keeping qualities of
reactive materials. US Patent, 2131432.

Fiske, A.H. (1938b). Baking powder and method of improving the
keeping qualities of the same. US Patent, 2131433.

� 2023 His Majesty the King in Right of Canada. International Journal of Food Science & Technology published by John Wiley & Sons Ltd

on behalf of Institute of Food, Science and Technology (IFSTTF). Reproduced with the permission of the Minister of Agriculture and Agri-Food Canada.

International Journal of Food Science and Technology 2023

Chemical leavening P. G�elinas2808

 13652621, 2023, 6, D
ow

nloaded from
 https://ifst.onlinelibrary.w

iley.com
/doi/10.1111/ijfs.16451 by C

anadian A
griculture L

ibrary, W
iley O

nline L
ibrary on [23/04/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://www.webofscience.com/api/gateway/wos/peer-review/10.1111/ijfs.16451
https://www.webofscience.com/api/gateway/wos/peer-review/10.1111/ijfs.16451
https://www.epo.org/service-support/faq/basics.html


Gallay, W. & Bell, A.C. (1936). The effect of various starches on the
stability of baking powders. Canadian Journal of Research, 14B,
204–215.

G�elinas, P. (2017). Compressed baker’s yeast: mapping patents on
post-fermentation processes. Comprehensive Reviews in Food Sci-
ence and Food Safety, 16, 456–476.

G�elinas, P. (2019). Active dry yeast: lessons from patents and sci-
ence. Comprehensive Reviews in Food Science and Food Safety, 18,
1227–1255.

G�elinas, P. (2021). Chemical leavening and other baker’s yeast
substitutes: overview of patents filed between 1833 and 2019.
International Journal of Food Science and Technology, 56, 6301–
6310.

G�elinas, P. (2022a). Gas sources in chemical leavening and other
baker’s yeast substitutes: lessons from patents and science. Interna-
tional Journal of Food Science and Technology, 57, 865–880.

G�elinas, P. (2022b). Inventions on phosphates in chemical leavening.
International Journal of Food Science and Technology, 57, 2840–
2861.

G�elinas, P. (2022c). Inventions on phosphate-free chemical leavening.
International Journal of Food Science and Technology, 57, 6350–
6367.

General Foods Corporation (1934). Baking Powder in Action. New
York, NY: Consumer Service Department.

Gibson, C.B. (1886). Deterioration of bicarbonate of soda in baking
powders. The Analyst, 11, 127–129.

Heidolph, B. (1996). Designing chemical leavening systems. Cereal
Foods World, 41, 118–122, 124–126.

Horsford, E.N. (1856). Improvement in preparing phosphoric acid
as substitute for other solid acids. US Patent, 14722.

Horsford, E.N. (1864a). Improvement in the preparation of a phos-
phate of lime for culinary and other purposes. US Patent, 41815.

Horsford, E.N. (1864b). Improved double phosphate of lime and
soda for culinary and other purposes. US Patent, 42140.

Horsford, E.N. & Catlin, C.A. (1883). Preparing alkaline bicarbon-
ates. US Patent, 270668.

Hull, D. & Campanella, G. (2021). Clean label baking powder. US
Patent Application, 20210092963.

Hunt, P.B. (1900). Baking preparation. US Patent, 654570.
Irani, R.R., Callis, C.F. & Liu, T. (1959). Flow conditioning antic-
aking agents. Industrial & Engineering Chemistry, 51, 1285–1288.

Johnson, W.B. (1922). Food composition for making cakes. CA Pat-
ent, 216687.

Kalikyan, Z. (2020). Is it drug or food allergy? A case report. Iranian
Journal of Allergy, Asthma and Immunology, 19, 545–549.

Kiely, F. (1909). Baking-powder tester. US Patent, 940258.
Kudos Blends. (2023). The history of baking powder. https://
kudosblends.com/the-history-of-baking-powder/ Accessed 24 March
2023.

Kurniawansyah, I.S., Sopyan, I. & Budiman, A. (2022). Corn starch
in pharmaceuticals isolation, characterization, and applications.
International Journal of Pharmaceutical Quality Assurance, 13, 227–
231.

Lakkis, J.M. (2007). Encapsulation and controlled release in bakery
applications. In: Encapsulation and Controlled Release Technologies
in Food Systems. (edited by J.M. Lakkis). Pp. 113–133. Ames, IA:
Blackwell Publishing.

Lenz, D., Lubasch, K. & Mason, R. (2018). New generation
of healthy baking powder. https://www.jungbunzlauer.com/en/
products/gluconates/microencapsulated-glucono-delta-lactone-egdl.
html Accessed 24 March 2023.

Lubasch, K., Siebenrock, C., Lenz, D. & Mason, R. (2018). Sodium
free baking powder. EP Patent, 3372086.

Mallet, J.W. (1888). Experiments upon alum baking-powders, and
the effects upon digestion of the residues left therefrom in bread.
The Chemical News, 58, 284–285.

Mendelsohn, S. (1939). Baking Powders. Pp. 93–102, 148–155. New
York, NY: Chemical Publishing Co., Inc.

Minister of Justice of Canada (2023). Food and Drug Regulations
(C.R.C., c. 870). Divisions B.01.009, B.03.001, B.03.002, and
B.16.100 (Table I and Table X). Ottawa, Canada: Minister of
Justice of Canada. https://laws-lois.justice.gc.ca/eng/regulations/C.
R.C.,_c._870/page-21.html#h-570131 Current to 6 March 2023.

Newton, W.K. (1889). Notes on the baking powders sold in this
state. In: Report of the Dairy Commissioner of the State of New
Jersey, 1888 (edited by W.K. Newton). Pp. 53–61. Trenton, NJ:
The John L. Murphy Publ. Co.

Novitsky, P. (1957). Baking powder. US Patent, 2793121.
Onwulata, C.I., Konstance, R.P., Smith, P.W. & Holsinger, V.H.
(1997). Effect of coencapsulating milkfat and leavening agents on
batter rheology. Cereal Foods World, 42, 826–829.

Pacifico, C.J. (2003). Chemical leavening ingredient. US Patent
Application, 2003003773.

Page, F.G. (2013). Baking powder and self-rising flour in nineteenth-
century Britain: the carbon dioxide aerations of Henry Jones and
Alfred Bird. Bulletin for the History of Chemistry, 38, 140–154.

Page, F.G. (2017). Carbon dioxide in self-rising flour and baking
powder: a study in apparatus, Scheibler to Chittick. Bulletin for the
History of Chemistry, 42, 29–45.

Patten, E.J. (1917). The rôle of calcium sulphate in phosphate bak-
ing powders. Journal of the Association of Official Agricultural
Chemists, 2, 225–229.

Peleg, M. (2020). Humidity caking and its prevention. In: Water
Activity in Foods: Fundamentals and Applications (edited by G.V.
Barbosa-C�anovas, A.J. Fontana, Jr., S.J. Schmidt & T.P.
Labuza). Pp. 453–464, 2nd edn. New York, NY: John Wiley &
Sons, Inc.

Randolph, T. (1948). Corn starch as an allergen: sources of contact
in food containers. Journal of the American Dietetic Association,
24, 841–846.

Ripley, R. (1871). Improvements in preparing and compounding
alkalis and acids with other substances, and in packing and pack-
ages for the same, so as to prevent deterioration. GB Patent,
18710781.

Rodiguez, J. (1998). Leavening compositions. EP Patent, 0882401.
Russell, E.B. (2007). Chemical leaveners in baking. AIB International
Technical Bulletin, 29, 1–8.

Russell, E.B. (2018a). In: Chemical Leavening Basics (edited by E.B.
Russell). St. Paul, MN: AACC International.

Russell, E.B. (2018b). Chittick method and other methodologies. In:
Chemical Leavening Basics (edited by E.B. Russell). Pp. 55–57. St.
Paul, MN: AACC International.

Schiller, K. (1950). Backpulver. Die St€arke, 2, 36–40.
Thatcher, H.D. (1890). Baking-powder. US Patent, 422464.
Tillmans, J. & Heublein, O. (1917). €Uber Backpulver. Zeitschrift f€ur
Untersuchung der Nahrungs- und Genußmittel, sowie der Gebrauchs-
gegenst€ande, 34, 353–374.

Toy, A.D.F. (1976). Food uses of phosphates. In: Phosphorus Chem-
istry in Everyday Living. Pp. 20–55. Washington, DC: American
Chemical Society.

Turner, G. & Holloway, R. (1853). Substitute for yeast. GB Patent,
185301016.

Umina, A.P. & Westcott, D.E. (1972). Method of controlling leav-
ening in a bakery mix at varying elevations. US Patent, 3632355.

Walker, J.C. (1866). Improvements in the treatment of flour and the
manufacture of bread. GB Patent, 186502973.

Watts, B.M., Lehmann, B. & Goodrich, F. (1949). The effect of bak-
ing powder residues on rancidity. Journal of the American Oil
Chemists’ Society, 26, 481–484.

Weil, L. (1929). A process for the production of lasting, storable car-
bon dioxide developing powder for food and delicacies, as for
example baking powder. GB Patent, 303353.

Whitelaw, L.S. (1915). Packeting ingredients relative to baking and
other chemical compounds. GB Patent, 191505884.

Whiting, J. (1836). An improvement or improvements in preparing
certain farinaceous foods. GB Patent, 183607076.

� 2023 His Majesty the King in Right of Canada. International Journal of Food Science & Technology published by John Wiley & Sons Ltd

on behalf of Institute of Food, Science and Technology (IFSTTF). Reproduced with the permission of the Minister of Agriculture and Agri-Food Canada.

International Journal of Food Science and Technology 2023

Chemical leavening P. G�elinas 2809

 13652621, 2023, 6, D
ow

nloaded from
 https://ifst.onlinelibrary.w

iley.com
/doi/10.1111/ijfs.16451 by C

anadian A
griculture L

ibrary, W
iley O

nline L
ibrary on [23/04/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://kudosblends.com/the-history-of-baking-powder/
https://kudosblends.com/the-history-of-baking-powder/
https://www.jungbunzlauer.com/en/products/gluconates/microencapsulated-glucono-delta-lactone-egdl.html
https://www.jungbunzlauer.com/en/products/gluconates/microencapsulated-glucono-delta-lactone-egdl.html
https://www.jungbunzlauer.com/en/products/gluconates/microencapsulated-glucono-delta-lactone-egdl.html
https://laws-lois.justice.gc.ca/eng/regulations/C.R.C.,_c._870/page-21.html%23h-570131
https://laws-lois.justice.gc.ca/eng/regulations/C.R.C.,_c._870/page-21.html%23h-570131


Wilson, G.F. (1871). Improvement in putting up baking-powders.
US Patent, 118768.

Yapıcı, E., Karakuzu-_Ikizler, B. & Y€ucel, S. (2021). Anticaking addi-
tives for food powders. In: Food Powders Properties and Character-
ization (edited by E. Ermis�). Pp. 109–123. Food Engineering
Series. Cham, Switzerland: Springer.

Supporting Information

Additional Supporting Information may be found in
the online version of this article:

Figure S1. Evolution over time of inert fillers for
chemical leavening, as mentioned in specifications of
494 patents introduced by G�elinas (2021).

Figure S2. Drawing accompanying US Patent
462109 entitled “Packing baking-powder”.

Table S1. Neutral fillers in chemical leavening, with
patent priority date – Extended version.

Table S2. Anticaking agents for chemical leavening,
with patent priority date – Extended version.

Table S3. Coatings for gas-releasing agents (bicar-
bonates) in chemical leavening, with patent priority
date – Extended version.
Table S4. Coatings for acids in chemical leavening,

with patent priority date – Extended version.
Table S5. Mixers and packaging to improve keeping

properties of chemical leavening, with patent priority
date – Extended version.
Table S6. Other methods to determine and improve

the keeping properties of chemical leavening, with pat-
ent priority date – Extended version.
Table S7. Dough processing aids in chemical leaven-

ing, with patent priority date – Extended version.
Table S8. Nutrients in chemical leavening, with pat-

ent priority date – Extended version.
Table S9. Flavour improvers in chemical leavening,

with patent priority date – Extended version.

� 2023 His Majesty the King in Right of Canada. International Journal of Food Science & Technology published by John Wiley & Sons Ltd

on behalf of Institute of Food, Science and Technology (IFSTTF). Reproduced with the permission of the Minister of Agriculture and Agri-Food Canada.

International Journal of Food Science and Technology 2023

Chemical leavening P. G�elinas2810

 13652621, 2023, 6, D
ow

nloaded from
 https://ifst.onlinelibrary.w

iley.com
/doi/10.1111/ijfs.16451 by C

anadian A
griculture L

ibrary, W
iley O

nline L
ibrary on [23/04/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense


	 Summary
	 Introduction
	 Neutral fillers
	 Objectives
	 Historical aspects
	 Scientific evidence

	 Anticaking agents
	 Coatings
	 Objectives
	 Historical context
	 Scientific evidence

	 Storage devices
	 Objective
	 Historical context
	 Scientific evidence

	 Other methods of the preservation of chemical leavening
	 Dough improvers
	 Conclusions
	ijfs16451-fig-0001

	 Author contributions
	 Conflict of interest
	 Ethical approval
	 Peer review
	 Data availability statement

	 References
	ijfs16451-bib-0001
	ijfs16451-bib-0002
	ijfs16451-bib-0003
	ijfs16451-bib-0004
	ijfs16451-bib-0005
	ijfs16451-bib-0006
	ijfs16451-bib-0007
	ijfs16451-bib-0008
	ijfs16451-bib-0009
	ijfs16451-bib-0010
	ijfs16451-bib-0011
	ijfs16451-bib-0012
	ijfs16451-bib-0013
	ijfs16451-bib-0014
	ijfs16451-bib-0015
	ijfs16451-bib-0016
	ijfs16451-bib-0017
	ijfs16451-bib-0018
	ijfs16451-bib-0019
	ijfs16451-bib-0020
	ijfs16451-bib-0021
	ijfs16451-bib-0022
	ijfs16451-bib-0023
	ijfs16451-bib-0024
	ijfs16451-bib-0025
	ijfs16451-bib-0026
	ijfs16451-bib-0027
	ijfs16451-bib-0028
	ijfs16451-bib-0029
	ijfs16451-bib-0030
	ijfs16451-bib-0031
	ijfs16451-bib-0032
	ijfs16451-bib-0033
	ijfs16451-bib-0034
	ijfs16451-bib-0035
	ijfs16451-bib-0036
	ijfs16451-bib-0037
	ijfs16451-bib-0038
	ijfs16451-bib-0039
	ijfs16451-bib-0040
	ijfs16451-bib-0041
	ijfs16451-bib-0042
	ijfs16451-bib-0043
	ijfs16451-bib-0044
	ijfs16451-bib-0045
	ijfs16451-bib-0046
	ijfs16451-bib-0047
	ijfs16451-bib-0048
	ijfs16451-bib-0049
	ijfs16451-bib-0050
	ijfs16451-bib-0051
	ijfs16451-bib-0052
	ijfs16451-bib-0053
	ijfs16451-bib-0054
	ijfs16451-bib-0055
	ijfs16451-bib-0056
	ijfs16451-bib-0057
	ijfs16451-bib-0058
	ijfs16451-bib-0059
	ijfs16451-bib-0060
	ijfs16451-bib-0061
	ijfs16451-bib-0062
	ijfs16451-bib-0063
	ijfs16451-bib-0064
	ijfs16451-bib-0065
	ijfs16451-bib-0066
	ijfs16451-bib-0067
	ijfs16451-bib-0068
	ijfs16451-bib-0069
	ijfs16451-bib-0070
	ijfs16451-bib-0071
	ijfs16451-bib-0072
	ijfs16451-bib-0074
	ijfs16451-bib-0075
	ijfs16451-bib-0076
	ijfs16451-bib-0077
	ijfs16451-bib-0078
	ijfs16451-bib-0079
	ijfs16451-bib-0080
	ijfs16451-bib-0081
	ijfs16451-bib-0082
	ijfs16451-bib-0083
	ijfs16451-bib-0084
	ijfs16451-bib-0085


