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Presentacion del azucar de remolacha a Napoledn Bonaparte (Gomez, 2007)
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A la izquierda tenemos una linea cronoldgica acerca de los avances cientificos mas

relevantes desde el 1980, a la derecha se encuentran los descubrimientos acerca de la

historia del almidén (Seetharaman y Bertoft, 2013).

(a) P
Science : of ! Starch
1980
Proposed double helical structure in starch
4 Cluster structure of amylopectin
Unit chain distribution of amylopectin
1960 | ——— Repeating lamellar distance in starch
Invention of gel-permeation chramatography Definition of A, B, Cchains
isolation of sorghum debranching enzyme !:a 4 er‘y t:rbra;\d:’cd arr'wiose
isolation of potato branching enzyme =———— i £ str\fclurc
Confirmation of helical structure 1940 Definition of amyloze and amylopectin
Isolation of potato phosphorylase — a-1,6 branches in starch
Haworth formula of sugars Proposed hellcal structure in starch
Enzymes are proteins \ Blocklet structure of granules
Structure of maltose L Two types of X-ray spectra of starch
Correct ring structure of glucose 1920 Defined conformation of diastase products
The term chromatography coined X-ray spectra of starch
Method of methylation Cyclodextrin theory of starch
Discovery of cyclodextrins \
Discavery of X-rays 1900]
The glycosidic linkage \ Trichitic model of starch
Stereoisomers of sugars § Two enzymes in dlastase
Ring structure of glucose Diastase is a protein
Dafinition of hydrolysis 1a80] _— Spherocrystal theory of granule structure
The word 2enzyme coined Polymer thaory of starch
T —
heory of stareolsomerism e R iscovery of maktose
The pariodic table —
1860
Quantitative method for reducing sugars Micelle theory of granule structure
Mutarotation of sugars \
Determination of reducing sugars § Discovery of maltose
Invention of the polariscope ~ |40
Polarization cross of granules
The word protein coined 5
Theory of apposition
The term catalysis coined = ? Discovery of diastase
System of chemical notalion —— Optical rotation of dextrin
1820
Theory of hydration
Discovery of lodine s __—Starch-iodine complex
Discovary of optical rotation l
) T — Acld hydrolysis of starch
Chemical formula of water S
Atomic theory ———— 1800

Popularisation of microscopy

Observed that malt produces sugar
— Rings observed in granules



En este diagrama tenemos los autores de los descubrimientos expuestos en el esquema

@).
(b)

] 1
1 ]
Science : of : Starch
1980
Keiji Kainuma and Dexter French 1972
é Ziro Nikuni 1969
E. Y.C Lee, C, Mercier and W, J. Whelan 1968
1960 Clarence Sterling 1962
Lathe, Ruthven/Undquist. Storgards 1955 5. Peat, W.J. Whelan and G. J. Thomas 1952
S. Peat, 5. ). Pirt and W. J, Whelan 1952
. .M, -
. :'}"’;’;:,'r':’a = ss‘:’;: i:: K. H. Meyer and P. Bernfeld 1940
R. £. Aundle, R. R. Baldwin, D. French 1943 ——— | 1940 ék. H. Meyer, W. Brentano and P. Bernfeld 1940
Charles S. Hanes 1940 — Karl Freudenberg and Hans Boppel 1940
Walter N. Haworth 1929 '——— Charles 5. Hanes 1937
James B. Sumner 1926 TS~ E. A Hanson and J. R. Katz 1934
Walter N. Haworth and Stanley Peat 1926 = St. v. Niray-Szabé 1928
Walter Norman Haworth 1925 1920 Richard Kuhn 1924
Mikhail Tsvet 1006 S——e I
Thomas Purdie and James Colquhon Irvine 1903 Hans Pringsheim and Alfred Langhans 1912
Franz Schardinger 1903
Wilhelm Rontgen 1895 1500}
Emil Fischer 1893 /A“'“" Meyer 1895
Emil Fischer lm§ M. H. P. Wijsman 1889
Bernhard Tollens 1883 C. J. Lintner 1886
Henry Edward Armstrong 1879§ 1e80] _—— A F-W. Schimper 1881
Wilhelm Kihne 1878 F. Musculus and D. Gruber 1878
Jacobus H. van't Hoff/Joseph A. Le Bel 1874 cornelius O’Sullivan 1872
Omitri Mendeleev 1869 —
1860
Hermann Fehling 1849 e Carl Nageli 1858
Augustin-Pierre Dubrunfaut 1846 §
Trommer 1841 \ Augustin-Pierre Dubrunfaut 1847
Jean-Baptiste Biot 1840
3 ~ 8% Jean-Saptiste Biot 1838
Jéns Jacob Berzelius 1838 —— Julius Fritzsche 1834
J6ns Jacob Berzelius 1836 — ? Payen and Persor 1833
Jons Jacob Berzelius 1820s Biot and Persoz 1833
Theéodore de Saussure 1818 o e
mard Courtois .+J, Colin and H.-F, er au
Be dC 1811 /J]Col! d H.-F. Gaultier de Claubry 1814
lean Dominique Frangols Arago 1811 s KiehRol 814
seph Louis Gay-Lussac and A von Humboldt 1805 e
John Dailton 1803 —— J1800
"D, Irvine” 1785
= Antonie van Leeuwenhoek 1716
Antonie van Leeuwenhoek 1670s |




Datos de produccion del almidon de patata (Kraak, 1992).

-Tabla 1: consumo mundial de almidon de patata en 1992.

-Tabla 2: Uso dado al almiddn de patata.

Tabla 1:

World-wide starch consumption

World production of Starch production by
starch (x 1000 t) origin (x 1000 t)
USA 10000 Maize 19900
EC 5700 Potato 2300
Japan 2300 Tapioca 1800
Rest of world 7600 Wheat 1300
Waxy maize 300
25600 25600
Tabla 2:

Ultimate destination of starches

Potato starch Maize starch/waxy maize
(x 1000 t) (x 1000 t)

Non-food 1300  Non-food 3000
Food 900 Food 3000

Dextrose/syrups 100
2300

Dextrose/syrups 14200

20200




- Tabla 3: Consumo de almiddn por industrias.
- Tabla 4: Almidon usado como adhesivo.

Tabla 3

Estimated world-wide consumption of starches in main

application areas (x 1000 t)
Paper 3600
Adhesive 1400
Textiles 680
QOil field 30
Miscellaneous 250
Food 3740
Dextrose/syrups 15900

25600
Tabla 4

Starch as adhesive world-wide: 1.4 million tons

Segment Consumption Starch examples
(x 1000 t)

Corrugated board 1200

Gumming 30
Paper bags 40
Wallpaper 20
Formulators 100
Laminating/ 10

winding

Native starches
(mainly maize)
Potato starch ethers
Starches with short
texture

Crosslinked starch
ethers

Dextrins; various
derivatives

Oxidized starch
ethers; dextrins




- Tabla 5: Almiddén destinado a la industria alimentaria.

Starch in food world-wide: 3.7 million tons*

Segment Consumption Starch examples
(x 1000 t)
Convenience 900 Crosslinked cold-
products soluble starches
Bakery products 350 Crosslinked starch
acetates

Confectionery 400 Thin-
boiling/oxidized
starches

Extruded 200 Crosslinked/native

products starches

Infant foods 350 Malto-dextrins

Preserved foods 1100 Crosslinked
hydroxypropyl
starches

Dairy products 200 Crosslinked
hydroxypropyl
starches

Unsegmented 200 Native starches

*Dextrose/syrups: 15.9 million tons

Weight and composition of component parts of kernels from five grain

sorghum varieties (Eckhoff y Watson, 2009).

Percent dry weight  Composition of kernel parts (% dry basis)

of whole kernel
Starch Protein Fat Ash

Germ Range 7.8-12.1 - 18.0-19.2 26.9-30.6 -

Mean 9.8 13.4% 18.9 28.1 10.36%
Endosperm Range  80.0-84.6 81.3-83.0 11.2-13.0 0.4-0.8 0-0.44

Mean 82.3 82.5 12.3 0.6 0.37
Bran Range 7.3-9.3 - 5.2-7.6 3.7-6.0° -

Mean 7.9 34.6° 6.7 4.9 2.02%
Whole kernel ~ Range - 72.3-751  11.5-13.2 3.2-3.9° 1.57-1.68

Mean - 73.8 12.3 3.6 1.65



Contenido aproximado de almidon en granos de diferentes cereales (Fassio et al., 2000).

. - R E T
'Corul e LA Almidén g%) kT .-jf
HED SN ﬁ ©p Gnno entero ' gndosporm% 5
Maiz 72 88
Trigo 65 79
Arroz 81 90
Sorgo 74 83
Cebada 60 77
Avena 45 70

Adaptado de Haaland (1980)

Contenido de amilosa y amilopectina de varios tipos de cereales (Fassio et al., 2000).

 Cereal . | Amiosa(%) | ~Amilopectina (%)
Maiz 24 76
Maiz céreo 1 99
Maiz de alta amilosa 75 25
Trigo 25 75
Arroz 18 82
Arroz céreo 1 99
Sorgo 25 75
Sorgo céreo 1 99

Adaptado de Haaland (1980)




ESTRUCTURA DEL ALMIDON.

Structure depicting both a-1,3 and a-1,6 linkages also in 1937 by Staudinger and
Husemann: U™ ber hochpolymere Verbindungen. 150. Mitteilung. U™ ber die
Konstitution der Sta'rke. Liebigs Ann. Chem. 1937, 527, 195-236. Copyright Wiley-
VCH Verlag GmbH & Co. KGaA. Reproduced with permission.
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Estructura de la amilosa y amilopectina (Macallister, 1979).

CHOR CH,0H CH,OH
0 0 o,
" H \ s
oH _J, OH
Amylase
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) G
g o

B A
Amylopectin

Schematic diagram of (a) amylose; and (b) amylopectin with a branch point at the O6
position. (c) Schematic representation of the disaccharide components of starch: maltose
[aGlc-(1—4)Glc] and isomaltose [aGlc(1—6)Glc] along with the torsion angle (Pérez,
Baldwin y Gallant, 2009).
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Longitudinal 10-um bisection of a steeped dent corn kernel (magnified *6, iodine
stained). Note how starch has been lost from floury endosperm cells as a result of sulfur
dioxide action (Eckhoff y Watson, 2009).
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Diagrama de bloques del proceso (hidrolisis &cida). (Morales, 2004)
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Production of de-ionised acid converted 35 or 42 DE glucose syrup pp.27 Glucose Syrups
Technology and Applications (Hull, 2010).

Hydrochloric acid — STARCH SLURRY
(35-40% Solids)
(pH 1.65)

!
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Heating l
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Diagrama de flujo del almidon de maiz (Eckhoff y Watson, 2009).
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Detalles de la disposicion, del equipo y del flujo de agua y de la corriente del proceso

que emplea el sistema de centrifugacion de separacion en cuatro etapas de alta densidad.
(Eckhoff y Watson, 2009).
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Diagrama de corte de un separador de hidrociclon (Eckhoff y Watson, 2009).

M — Overflow
(germ or gluten)

:
Supply —» H
(pressure) 4
| |
| S >4
Path of — — b Path of
heavy particles  § '\ §  light particles
Vel






Algunos procesos del almidon. Disponible en: www.lurgi-lifescience.com/l.pdef
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Obtencidn del jarabe de fructosa a partir del almidén. Disponible pp.43 Biotecnologia

para principiantes (Renneberg et al., 2012).
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Esquema de enzimas inmovilizadas. Disponible pp.41 Biotecnologia para principiantes
(Renneberg et al., 2012).
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Figure 3.3 European consumption of starch and starch derivatives for
2015. (Data from Starch Europe, n.d. Retrieved from: http.//www.aaf-eu.
org; https://vwww.starch.eu/european-starch-industry.)

Figure 3.2 Estimated world production of cereal starches. (Based on
Waterschoot, J, Gomand, 5.V, Fierens, E, Delcour, JA, 2015. Production,
structure, physicochemical and functional properties of maize, cassava,
wheat, potato and rice starches. Starch Starke 67, 14—29.)

Other Non-focd Feed

Figure 3.1 Main starch applications--2015. (Data from Starch
Europe, n.d. Retrieved from: hitp://www.aaf-eu.org; hitps//www.starch.
ew/european-starch-industry.)



Table III. Genetic and Protein Engineering
Techniques and Technologies to Improve the Properties of Example

Industrial Enzymes.

Engineering
gropgrty Modification How the Procedure Eiiiilas
equired Works
Procedure
Genetic Engineering
Increased Homologous  The number of gene copies  Xylanase that is used
productivity/  gene transfer  coding for the enzyme are to enhance the
yield increased raising of bread
dough when baked
(U3
ProteinEngineering
Decreased Site-Directed Additions/deletions/ a-Amylase in starch
need for Mutagenesis substitutions of specific liquefaction (/4)
calcium amino-acids and/or protein
addition folds are introduced to the
enzyme encoding DNA
sequence
Increased Random Mutations at random along  a-Amylase in starch
thermal and Mutagenesis the entire length of a gene liquefaction (/4)
pH stability (Directed encoding the enzyme are
evolution) introduced using error-prone
PCR, DNA shuffling,
chemical mutagenesis, UV
irradiation techniques, etc.
(14)
| Selection of i Selection of a | Construction
an industrial production | of an
| enzyme — strain -~ overproducing
‘ i strain by genetic
' engineering

Formulation Optimization of Optimization of
of a stable isolation culture medium
industrial —{ process <+ and production
enzyme (and purification conditions
product if needed)

Figure 1. General scheme of process phases in industrial enzyme production.



Diagrama de flujo de HFCS, pp.20 Fructose, High Fructose Corn Syrup, Sucrose and
Health (Rippe,2014)
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Procesos de molienda himeda y separacion de maiz. [Base: 100 partes en peso de maiz

de sustancia seca] (Macallister, 1979).
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Industrial enzyme Industrial enzyme applications Ole Kirk*, Torben Vedel Borchert
and Claus Crone Fuglsang (Kirk, Borchert y Fuglsang, 2002).
The steps involved in classical versus state-ofthe- art development of enzymes.

Present enzyme development Classical enzyme development
Creating biological | | Nature's diversity
diversity S | Molecular eveolution
v
| Primary screening |
| Seconda 4’3{}[&9”” ' — :
ri 9 | | Classical mutagenesis
Creating expression
system
v P | Fermentation | \ v
| Up-scaling process |—Ir | Purification | +— | Up-scaling process ‘
4’ i | Formulation | g v .
| Production | | Production ‘
Current Opinion in Biotechnology

The steps involved in classical versus state-ofthe- art development of enzymes.

- Permadase (removal Acid cellulase
o-Amylase ] Pectinaze of excess dye) ({biopolizhing)

]

| Catalase (bleach clean-up) |

| Meutral cellulase | Laccase/mediator |

Cument Cpinson in Biotachnodogy




Enzymes used in various unit operations in textile wet processing and the
manufacturing of Denim (Kirk, Borchert y Fuglsang, 2002).

Table 1
Enzymes used in various industrial segments and their applications.
Industry Enzyme class Application
Detergent (laundry and dish wash) Protease Protein stain removal
Amylase Starch stain removal
Lipase Lipid stain removal
Callulase Cleaning, color clarification, anti-redeposition (cotton)
Mannanase Mannanan stain removal (reappearing stains)
Starch and fuel Amylase Starch liquefaction and saccharification
Amyloglucosidase Saccharification
Puliulanase Saccharification
Glucose isomerase Glucose to fructose conversion
Cyclodextrin-glycosyltransferase Cyclodextrin production
Xylanase Viscosity reduction (fual and starch)
Protease Protease (yeast nutntion — fual)
Food (including dairy) Proteasa Milk clotting, infant formulas (low allergenic), flavor
Lipase Chease flavor
Lactase Lactose removal (milk)
Pactin mathyl esterase Firming fruit-based products
Pectinase Fruit-based products
Transglutaminase Modify visco-elastic properties
Baking Amylase Bread softness and volume, flour adjustment
Xylanase Dough conditioning
Lipase Dough stability and conditioning (in situ emulsdier)
Phospholipase Dough stability and conditioning (in situ emulsifier)
Glucose oxidase Dough strangthening
Lipoxygenase Dough strengthaening, bread whitening
Protease Biscuits, cookias
Transglutaminase Laminated dough strengths
Animal feed Phytasa Phytate digestibility — phosphorus release
Xylanase Digestibility
B-Glucanase Digestibility
Beverage Pectinase De-pectinization, mashing
Amylase Juice treatment, low calorie baer
[-Glucanase Mashing
Acetolactate dacarboxylase Maturation (beer)
Laccase Clarification (juice), flavor (beer), cork stopper treatment
Textile Cellulase Denim finishing, cotton softening
Amylase De-sizing
Pectate lyase Scounng
Catalase Bleach termination
Laccase Bleaching
Peroxidase Excess dye removal
Pulp and paper Lipase Pitch control, contaminant control
Protease Biofilm removal
Amylase Starch-coating, de-inking, drainage improvemant
Xylanase Bleach boosting
Cellulase De-inking, drainage improvement, fibar modification
Fats and oils Lipase Transesterification
Phospholipase De-gumming, lyso-lecithin production
Organic synthesis Lipase Resolution of chiral alcohols and amides
Acylase Synthesis of semisynthatic penicillin
Nitrilase Synthesis of enantiopure carboxylic acids
Leather Protease Unhearing, bating
Lipase De-pickiing
Parsonal care Amyloglucosidase Antimicrobial (combined with glucose oxidase)
Glucose oxidase Bleaching, antimicrobial
Peroxidase Antimicrobial




Segmentacion del mercado de enzimas industriales. En el afio 2000, el mercado de
enzimas ascendio a § 1.5 mil millones. El segmento “Technical” comprende la industria
de detergente, almidan, textil, alcohol, combustible, cuero y pulpa e industria del papel
(Kirk, Borchert y Fuglsang, 2002).

Food

Technical Animal feed

Current Opinion in Biotechnology

Disponibilidad estimada de jarabe con alto contenido de fructosa, por pais, 1990. La
disponibilidad es la cantidad de producto disponible para el consumo. Generalmente
sobrestima la cantidad realmente consumida, debido a muchos factores, incluida la
pérdida de producto durante el almacenamiento, transporte y composicion del producto
(Vuilimier, 1993) .
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El azucar total disponible aumento aproximadamente un 20% entre 1970 y 2000, donde
alcanzd un maximo de 152 libras por persona al afio. Desde 2000, total El edulcorante
ha disminuido ligeramente. AzUcar refinado (cafia y remolacha) y maiz La
disponibilidad de edulcorantes es similar a alrededor de 60 libras por persona al afo.

Pounds per person, dry-weight
160,

140 Total
120 -

100 4 Refined cane and beet sugars

80

60
40| Corn sweeteners

20

Honey and edible syrups
1970 1974 1978 1982 1986 1990 1994 1998 2002 2006 2010 2014

Notes: Corn sweeteners include high-fructose corn syrup (HFCS), glucose syrup, and
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edible molasses, and edible refiners' syrup.
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