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. Short-Counre September 15-16, 2026
High Protein Dairy Products
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Location: Dairy Products Technology Center, Cal Poly, San Luis Obispo Individuals $700, Discounted: 2 or more from same company

This is a practical 2-day course with demonstrations, lectures, Q&A with industry and academic experts. 5650, Students 5250-

The course is open to entry and mid-level personnel in the industry. For more info: Samantha Bass slbass@calpoly.edu

Instructors: Cal Poly faculty and staff, industry representatives, equipment and process suppliers, expert Registration: https://dairy.calpoly.edu/short-course-symposia
consultants. hitps://dairy.calpoly.edu/short-course-sym

Preferred Cal Poly rates available at area hotels.
Tuesday, September 15 Wednesday September 16

8:00 Registration, continental breakfast available 8 8:00 Continental breakfast available

8:30 Welcome & Course Overview 8:30 Cultured Dairy: Innovation Opportunities
2:00 The Protein Boom: Market Drivers, Consumer 9:15  High-Protein Dairy Desserts Consumers
Demand & Future Opportunities Will Love

9:45 What Consumers Really Know About Protein: 10:00 Break

Perceptions, Motivations and Misconceptions 10:15 The Supporting Cast: Ingredient Systems
10:30 Break Beyond Protein

10:45 Protein 101: High-level 11:00 Optimizing Dairy for Whole-Body Health

12:00 Lunch ) ] 12:00 Lunch
- 1:00 The Dairy Protein Toolbox: Ingredients, & | 1:00 Fine-Tuning The Next Generation of High-
Functionality, and Selection Strategies Eal ‘”J Protein Dairy Innovation
1:45  Protein Science in Practice: Nutrition, Quality, £« f{ 1:45 Equipment Advances & Emerging
Digestibility, Regulations and Claims !‘#/ N p Processing Technologies
gjg Ereok . ) ) :“‘ g | 2:30 Fingl Discussion, Certificates
2 ormulating High-Protein Frozen Desserts A 3:00 Adjourn
Without Sacrificing Indulgence

3:45 Cracking the RTD Challenge: High-Protein !( /’”/"

Coffees, Teas, and Functional Beverages
Program co-organized with CMAB/CDIC, with partial funding and contributions from Dairy Management
. 4:45 Group Photo Inc., the USDA's Pacific Coast Codlition Dairy Business Innovation Initiative and, CMAB. Summer 2026.
HEY . ji
500 Hoppy HOUr/ReCephOn Program subject fo change.
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HighProtein Dairy Products
The Supporting Cast: Ingredient Systems Beyond Prote

Dr. Haotian Zheng
https://zheng.wordpress.ncsu.edu/
10:15am11:00pm
9/16/2026
@Dairy Products Technology Center, Cal Poly, San Luis Obis

Zheng 2018


https://zheng.wordpress.ncsu.edu/
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colloidal interactions



Important concepts @
Physical Stability -Colloidal Integrations

o/w emulsion Instability
O% \,\ﬂo A Gravity separation Given:
0 Think about centrifugation / |
. A V: separation rate

O % o { 021 Sa@(f)d#18 . '
% % O (Huppertz & Kelly, 2006) a: gravity,

A Incompatibility (phase separation, e.g. geyneresi3 y
e : ! . I T3F gy Y
A Colloidal interactions (Attractive force, Repulsive PPy YKka

v

suspension system force) "o density of continuous
. o Van Der Waals attraction phase
. . ® 0 Elec.trlc Doub!e Layers (zefaotential) - . density of particle
o © o Steric Repulsion _ _
I o Depletion Interaction (osmotic pressure) ~ d- diameter of particle
. o ¢ o DLVO Theoryl¥eryaginLandau Verwey ' o viscosity of
Overbeek continues phase

(Damodaran Parkin, &ennema 2007)
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KTF xnl1C "Xat room temperature

VAN DER WAALS ATTRACTION

A van der Waals forces between molecules/colloidal particles are ubiquitous
the van der Waals interaction free energy

_Ar

~

f h <~ 10 nm

where
r is the particle radius
h is the interparticle distance
A is the Hamaker constant

For most particles in aqueous foods, A is between 1and 1.5k@SF xnmnbum W G N22Y GSYLISNI GdzZNBO X odzi ¥
timeskT.

C Sy y SFédd Qiéemistry Chapter
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Electric Double Layers
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Electric Double Layers (zeta -potential) I E P
Suspension or Emulsion particles Zeta Potential %v
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http://www.malvern.com/en/support/resource-center/technical-notes/TN101104ZetaPotentialIntroduction.aspx
http://www.malvern.com/en/support/resource-center/technical-notes/TN101104ZetaPotentialIntroduction.aspx
http://www.malvern.com/en/support/resource-center/technical-notes/TN101104ZetaPotentialIntroduction.aspx
http://www.malvern.com/en/support/resource-center/technical-notes/TN101104ZetaPotentialIntroduction.aspx
http://www.malvern.com/en/support/resource-center/technical-notes/TN101104ZetaPotentialIntroduction.aspx
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Screening effect at high

Concentration W (mV)
Counterions
|
|
|
|
|
Colons I
0 T ]
0 0 5 10
(a) h (b) b (nm)

FIGURE 7.10 The electric double layer. (a) The distribution of counterions and coions as a function of the
distance h from the charged surface. (b) The potential y as a function of distance for three values of the ionic
strength [ (mM); the broken lines indicate the Debye length (1/x).

C Sy y SFédd Qléemistry Chaptel
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DLVO Theory
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DERYAGINT LANDAU, VERWEY 1 OVERBEEK THEORY

The interaction energies V, (due to van der Waals attraction) and V¢ can be added, and
this has led to the first useful theory for colloid stability, the Deryagini Landau, Verweyi
Overbeek (DLVO) theory. This theory enables calculation of the total free energy V
needed to bring two particles from infinite distance to a distance h
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C 5.5.2 SowusiLty D

The functional properties of proteins are often affected by protein solubility, and those most affected
are thickening, foaming, emulsifying, and gelling. Insoluble proteins have very limited uses in food.

The solubility of a protein is the thermodynamic manifestation of the equilibrium between
protein—protein and protein—solvent interactions:

Protein — Protein + Water — Protein — Water (3.51)

I ze I ze

‘ a The net free energy change for dissolution of a protein can be expressed as

Enel = Eele: + E\-‘d"u't' + EH¢+

Protein aggregate Protein solution
2n6°R o | [ AR
Epe = —€ + —— |+(E (5.52)
- {SUEK‘ ] (IED_] ( H¢)
where

G is the surface charge density of the protein molecule

R is its radius

g, is the dielectric permittivity of vacuum

¢ is the dielectric constant of the medium (water)

K is the Debye length

D is surface-to-surface distance between protein molecules

A is the Hamaker constant C §y y &rddd Qremistry!Be.d.pp290291 Chapter 5
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Steric Repulsion
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T

Steric Repulsion : é

FIGURE 7.4 Mode of absorption of some surfactants at an oil-water interface; at left is a scale of nanome-
ters. (1) A soap, (2) a Tween, (3) a small globular protein (for comparison a molecule in solution is shown),
and (4) p-casein. Highly schematic. (From Walstra, P. et al., Dairy Science and Technology, CRC/Taylor &
Francis, Boca Raton, FL, 2006.)

Emulsion Droplets:
e.g. Emulsifiers

Protein suspension:
e.g. Casein Micelles
C Sy y SFédd Qiéemistry Chapter
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Motivation of using nondairy food polymers
A Thickening and modulating texture properties

A Improving water holding capacity and physical stability
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Starch and Protein Interactions

Wy - . T *
- . . .

0%w/w unmodified rice starch granules 2%w/w unmodified rice starch granules
In In
acid milk gel acid milk gel
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EI?IT light cream PhySicaI Stablllty

15% w/w fat content
Control

20 MPa
Homogenization

80 MPa
Homogenization |

Paiva, et al, 2021
10.1017/S0022029921 000558


https://doi.org/10.1017/s0022029921000558
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Non-adsorptive Stabilization
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Non-adsorptive Stabilization
A E.g. Konjac glucomannan (KGM) in dairy systems

U <0.2% KGM, stable
U 0.250.6%KGM instable (depletion flocculation)

U >0.7%KGM, stable (increased viscosity, depletion stabilization)
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Adsorptive Stabilization
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Adsorptive Stabilization
A E.g. high - methyl (HM) p ectin in dairy systems

U  Electrosorptionof Pectin onto Casein Micellestips://doi.org/10.1021/bm025530xR. Tuinieret al 2022

0  HM pectin;pKa~pH3.5

U0  Casein micelles: isoelectric point ~pH 4.6

0  Question: at pH 4, what type of charge does{g&ttin and casein micelle carry?

- ces e ()

o @
g + +
Qf,\s'-_{\?- +

- A

HM pectin Casein Micelles


https://doi.org/10.1021/bm025530x
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Pectin & Casein Micelle Interactions

L zeta potential with pH acidified milk drinks (AMDSs)
10 for protein aggregatesn AMD pH4.0
B, 4
a.; L ITIGel phase 0] o
________ D..____r__ AT s 20-'
05 | ® £ € ol N
= s = | e el
.ﬁ H g E_ 04 ‘——____“;:_\____»_“_‘—
2 3 104 T
0.0 * N 20 N '301 MILK
0.0 0.1 0.2 s -40 1
casein (vol. fract.) 48 47 46 45 44 43 42 41 4 0 0 0 o2 o3 o4 o5
pH Pectin concentration (%)
Marozieng deKruif, 2000 Sejersen etal., 2007

hitps://doi.org/10,1016/S0268)05X(00)00019 10.1016/j.idairyj.2006.03.003



https://doi.org/10.1016/S0268-005X(00)00019-9
https://doi.org/10.1016/S0268-005X(00)00019-9
https://doi.org/10.1016/S0268-005X(00)00019-9
https://doi.org/10.1016/S0268-005X(00)00019-9
https://doi.org/10.1016/S0268-005X(00)00019-9
https://doi.org/10.1016/j.idairyj.2006.03.003
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Nonadsorptive
stabilization
(Amylopectin)

Adsorptive
stabilization
(HM pectin)

Zheng, 2018



https://link.springer.com/chapter/10.1007/978-3-319-94625-2_19
https://link.springer.com/chapter/10.1007/978-3-319-94625-2_19
https://link.springer.com/chapter/10.1007/978-3-319-94625-2_19
https://link.springer.com/chapter/10.1007/978-3-319-94625-2_19
https://link.springer.com/chapter/10.1007/978-3-319-94625-2_19
https://link.springer.com/chapter/10.1007/978-3-319-94625-2_19
https://link.springer.com/chapter/10.1007/978-3-319-94625-2_19
https://link.springer.com/chapter/10.1007/978-3-319-94625-2_19
https://link.springer.com/chapter/10.1007/978-3-319-94625-2_19
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Food Hydrocolloids as Stabilizer and Texturizer
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Exudates:
L Gum acacia / arabic
Starches Tragacanth Seeds:
Pectins Karaya gum o
Alginates Gum ghatti Guar gum
Agar Locust bean gum
Carrageenan Tamarind seed gum
Cellulose Tara Gum
Konjac

l

Modified polysaccharides:

Modified starches
Amidated pectins
Propylene glycol alginate
Cellulose derivatives

1

Cellulose-based polymers:

Microbial or bacterial
polysaccharides:

Xanthan Gellan
Dextran Pullulan
Curdlan Scleroglucan

Microcrystalline cellulose (MCC)
Methyicellulose (MC)

Ethylcellulose (EC)
Hydroxypropylmethylcellulose (HPMC)
Hydroxypropylcellulose (HPC)
Carboxymethyicellulose (CMC)

Figure 1.1 Overview of food hydrocolloids used globally.

Cellulose and Cellulose Derivatives in the Food Industry: Fundamentals and Applications, First Edition. Tanja Wistenberg.
0 2015 Wiley-VCH Verlag GmbH & Co. KGaA. Published 2015 by Wiley-VCH Verlag GmbH & Co. KGaA.
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WHAT ARE HYDROCOLLOIDS?
+ HYDROCOLLOIDS: GREEK WORD MEANING “WATER GLUE”

* DEFINITION: LARGE MOLECULES THAT PRODUCE STABLE, AQUEOUS SUSPENSIONS AND
DISPERSIONS BY THICKENING LIQUIDS, PRODUCING GELS, STABILIZING EMULSIONS OR
FOAMS

* DEFINED BY FUNCTION, NOT ORIGIN

* SYNONYMS: GUMS

* SOURCES:
* MANY TYPES- PLANTS AND MICROBES (CARBOHYDRATE AND/OR PROTEIN-BASED)
* RELATIVELY FEW- GELATIN AND CASEINATES (PROTEINS OF ANIMAL ORIGIN)

Ceflulose and Cellulose Derivatives in the Food Industry: Fundamentals and Applicalions, First Edition. Tanja Wilstenberg.
0O 2015 Wiley-VCH Verlag GmbH & Co. KGaA. Published 2015 by Wiley-VCH Verlag GmbH & Co. KGaA.
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Industrial suppliers

https://www.cpkelco.com/products/

https://www.dupontnutritionandbiosciences.com/produgtnge.html

https://www.tateandlyle.com/search/ingredients/results ?f%5B0%5D=types%3A346
https://emea.ingredion.com/findingredients/starches/Modified _Starch.htmi



https://www.cpkelco.com/products/
https://www.dupontnutritionandbiosciences.com/product-range.html
https://www.dupontnutritionandbiosciences.com/product-range.html
https://www.dupontnutritionandbiosciences.com/product-range.html
https://www.tateandlyle.com/search/ingredients/results?f%5B0%5D=types%3A346
https://emea.ingredion.com/findingredients/starches/Modified_Starch.html

Viscosity, Stability and Gel

ReadC S vy y SP6dd GhemistrytBed.:
3.3.3&3.34
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FIGURE 3.37 Relative volumes occupied by a linear polysaccharide and a highly branched polysaccharide

FIGURE 3.36 Randomly coiled polysaccharide molecules. . =
of the same molecular weight.

SourceC S Y Yy SPéddCh@ms™
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A pH matters
A NaAlginate:pKaof carboxylic acid groups are 3-:3%5 (gelation?)
A Carrageenanssulfate halfester groups remains ionized at all practical pH
values
A Shear thinning:
A pseudoplastidlow
A thixotropic flow (e.g. CMC)

SourceC S Y Yy SPéddCh@ms™
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A gel is a continuous, thre#imensional network of connected molecules or particles
(such as crystals, emulsion droplets, or molecular aggregates/fibrils) entrapping a
large volume of a continuous liquid phase, much as does a sponge

Junction zone formation (gelation)

A Hydrophobic attraction

A Electrostatic attraction
*Note: gelationis not the only mechanismfor inducingthickening
effects Polymer entanglementin a polymer dispersion system

may also resultin a & LK & &4 & O} otiicBeding effect, e.g.
stacherpasteandxanthangum.

FICURE 3.39 A diagrammatic representation of the type of three-dimensional network structure found
in gels. Parallel side-by-side lines indicate the ordered, crystalline structures of a junction zone. The gaps
between junction zones contain an aqueous solution of dissolved segments of polymer chains and other solutes.

SourceC S Y Yy SPéddCh@ms™
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LET’S LOOK AT A FEW LABELS...
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BREAD

vieary rioer <y ovy

JENTS: UNBLEACHED ENAICHED FLDUR (WHEAT FLOUF,
INGREDENRLEY FLOUR. NACK. REDUGED (RON, THAM

Hydrocolloids WONDNTRAT: RBIFLA, FL ) WATER, SUGR, AT
) H U )
oy T k. ALLUN SULELE, SO FOUR, SAT

SOYBEAN OIL, CULTURED \WHEAT FLOUR, CALCHJM CARBONATE,

e Gluten DOUGH CONDITIONERS (CONTAINS ONE OR MORE OF THE
FOLLOWING: SODIUM STEAROYL LACTYLATE, CALCIUM STEAROYL

. UACTYLATE. MONOGLYCERIDES, MONO- AND DIGLYCERIDES,
*Fiber DISTILLED " MONOGLYCERIDES, ' CALCIUM PEROXIDE,  CALCIUM
e Guar Gum R M eum%mmc%%a i |

MONOCALCIUM PHOSPHATT, SODIUM CITRATE, SO LECITHIN |

NIACIN, 1RON_(FERROUS  SULFATE), THIAMINE HYDROCHLORIDE,
RIBOFLAVIN, FOLIC ACID, AMMONIUM SULFATE, NATAMYCIN
RETARD SPOILAGE). 1892082613
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WHOLE FOODS GLUTEN-FREE PIZZA CRUST:
WHERE ARE THE HYDROCOLLOIDS?
NONFAT MILK, TAPIOCA STARCH, WHITE BEAN FLOUR,
SORGHUM FLOUR, YEAST, XANTHAN GUM, LEMON JUICE ,
OLIVE OIL, SALT, GELATIN, EVAPORATED CANE JUICE.
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Fiber & Cellulose & Friends

ReadC S vy y SP6dd QlemistryBed.:
3.3.7¢3.3.15
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CELLULOSE: B-1,4 + HYDROGEN BONDING =
FLAT SHEETS, NOT PHONE CORDS

H
" \ - Strand
_ )
0 H-
CH,OH . : H&CHE H D/‘H H‘\"“*1:|_|2
“\’\\, —° H o QMo A o £
Ho— CH o 0 0 a... H,? o OH -
':' “H : HH 0 H - i H D .__H
H -CH, H Dd,"’c 2 H H
FIGURE 3.46  Cellulose (repeating unit). .0
AH HHHCH
H 2
0 Q
H —
j P .= sheet
Q---cl 7 HH o H
'. ~H
of"’f : i
H““cH ' o 0" e,
Q =
H“-c:u f,:' H
OH
___d__,-CH
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CELLULOSE

Cellulose fibrils in
plant cell wall (TEM)

Ay N
;\m

Cell walls
A Fibril

#>

N\ﬁcmf;bril

=1
NG

e,
0.5 um \

1

polymers of beta glucose ‘

|
Plant cells \ﬁ_’_‘ M Y (-:. o5 B
- ¥4 2 VS e s
¥ P 4 ( o e . </
> .,.';(\ ~ = o Cl“.“;'-\ = Celluiose

Glucose monomer ’/O'O & @Le® = chains



NC STATE UNIVERSITY

MICROCRYSTALLINE CELLULOSE

* LIKE STARCH GRANULES, IN CELLULOSE FIBERS THERE ARE
“AMORPHOUS” AND “CRYSTALLINE” REGIONS

* USE MILD ACID TO HYDROLYZE (BREAK GLUCOSE CHAINS)
SOME OF THE AMORPHOUS REGIONS

+ GOOD FOR INCREASING VISCOSITY
» ALSO USED AS A “BULKING” AGENT
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Read 3.3.T Sy y SPédd Cliemistry
Cellulose:
A high-molecularweight, linear, insoluble
A negligible flavor, color, and microbial contamination
A noncaloric bulking ingredient
A Crystalline regions are separated by, and connected to, amorphous regions.

ce cream appllcatlon (Kerry)

Microcrystalline Cellulose (MCCj.... _ ;
A Insoluble, made by partial hydroly5|s of cellulose in the amorphous region (release o1
microcrystals)
0 ¢S MY t26RSNBR al 3INB3IIFGSRE al/ of
U Type 2: colloid MCC (size reduction)
o carboxymethylcellulose (CMC), xanthan gum arengoedients to prevent
reaggregation
0 Thickening agertbut no junction zones (fat replacer)
0 Interface active(stabilizer emulsion and foam)

. . Effects of carboxymethyl cellulose (CMC) and microcrystalline cellulose (MCC) as fat repl
https://doi.org/10.1016/j.carbpol.2017.04.021 on the microstructure and sensory characteristics of fried beef patties



https://doi-org.prox.lib.ncsu.edu/10.1016/j.carbpol.2017.04.021
https://www-sciencedirect-com.prox.lib.ncsu.edu/science/article/pii/S002203020075106X
https://www-sciencedirect-com.prox.lib.ncsu.edu/science/article/pii/S002203020075106X
https://www-sciencedirect-com.prox.lib.ncsu.edu/science/article/pii/S002203020075106X
https://www-sciencedirect-com.prox.lib.ncsu.edu/science/article/pii/S002203020075106X
https://www-sciencedirect-com.prox.lib.ncsu.edu/science/article/pii/S002203020075106X
https://www-sciencedirect-com.prox.lib.ncsu.edu/science/article/pii/S0268005X14004317#!
https://www-sciencedirect-com.prox.lib.ncsu.edu/science/article/pii/S0268005X14004317#!
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Xanthan Gum
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XANTHAN GUM:
THANKS MICROBES! & RN

0
cellulose —~

M = Na, K, 1/2Ca

Side chain —— OH_’T)

o]
d ll
. ) ) Ry = H or -CCH,
at the O3 position, d -d-mannopyranosy{1#)- -d-glucuronopyranosyl s
(1MR)-6- O-acetyh -d-mannopyranosyirisaccharideunit = N .
2 2 / \C“
or
CH; ORy
- R:,R, = H
OH O QE il
R; = H, R, = -CCH,

Properties

1. One of the first “biotechnology” food ingredients
2. Hydrates in cold or hot water

3. High viscosity at low shear (mixing) rates

4. Used extensively in foods

Production, recovery and applications of xanthan gunxbpthomonas campestris

Temperature stable rheological characteristics: salad dressin


https://onlinelibrary-wiley-com.prox.lib.ncsu.edu/doi/abs/10.1111/j.1365-2621.2005.tb11527.x
https://onlinelibrary-wiley-com.prox.lib.ncsu.edu/doi/abs/10.1111/j.1365-2621.2005.tb11527.x
https://onlinelibrary-wiley-com.prox.lib.ncsu.edu/doi/abs/10.1111/j.1365-2621.2005.tb11527.x
https://onlinelibrary-wiley-com.prox.lib.ncsu.edu/doi/abs/10.1111/j.1365-2621.2005.tb11527.x
https://onlinelibrary-wiley-com.prox.lib.ncsu.edu/doi/abs/10.1111/j.1365-2621.2005.tb11527.x
https://onlinelibrary-wiley-com.prox.lib.ncsu.edu/doi/abs/10.1111/j.1365-2621.2005.tb11527.x
https://onlinelibrary-wiley-com.prox.lib.ncsu.edu/doi/abs/10.1111/j.1365-2621.2005.tb11527.x
https://www-sciencedirect-com.prox.lib.ncsu.edu/science/article/pii/S0260877411001816
https://www-sciencedirect-com.prox.lib.ncsu.edu/science/article/pii/S0260877411001816
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I -glucan
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BETA-GLUCAN: MY FAVORITE SOLUBLE FIBER
When taken orally in foods, i-glucans (FOUND IN OATS AND BARLEY)

reduce postprandial serum glucoselevels K| i . Sl nmDfdzOFyY L& w2fS Ay |1 SFftOGK t NRY:z
and the insulin response, that is, they — -

moderate the glycemic response,in both CH20H
normaland diabetichumansubjects
_ ; O_ O--t--
OH
OH
. -m
p-1,3 B-1.4
30% 70%

wikipedia images, oats image by Miquel Pujol

Betaglucansare polysaccharides consisting of glucose residue jointed by beta linkage
¢tKS STFSOGa 2F NBT ApyySider 0 NP BdzNIE I fLINPI LYS NTiyA SiaK 2 F £ 2 gmFlL G REANE  LINR R

1SPENSION 1N TNe Manuiacture oriaw . nNeaada heeses: textural properties by instrumenteiirods and sensory panels


https://onlinelibrary-wiley-com.prox.lib.ncsu.edu/doi/full/10.1111/j.1541-4337.2012.00189.x
https://onlinelibrary-wiley-com.prox.lib.ncsu.edu/doi/full/10.1002/jsfa.1789
https://onlinelibrary-wiley-com.prox.lib.ncsu.edu/doi/full/10.1002/jsfa.1789
https://onlinelibrary-wiley-com.prox.lib.ncsu.edu/doi/full/10.1002/jsfa.1789
https://www-sciencedirect-com.prox.lib.ncsu.edu/science/article/pii/S0268005X03001553
https://www-sciencedirect-com.prox.lib.ncsu.edu/science/article/pii/S0268005X03001553
https://www-sciencedirect-com.prox.lib.ncsu.edu/science/article/pii/S0268005X03001553
https://www-sciencedirect-com.prox.lib.ncsu.edu/science/article/pii/S0268005X03001553
https://www-sciencedirect-com.prox.lib.ncsu.edu/science/article/pii/S0268005X03001553
https://www-sciencedirect-com.prox.lib.ncsu.edu/science/article/pii/S0268005X03001553
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beta-glucan + protein
(soft gel and/or thickened fluid)

PR o Sample Control Commercial

Science of Food and At+protein  Juice - Jui
Agriculture

Research Article @ Full Access

Development of an orange juice beverage formulated with oat
beta-glucan and whey protein isolate Fres

Wenjing Wan, Baojun Xu §

67891012131

First published: 12 March 2018 | https://doi.org/10.1002/jsfa.9002 |  ~* VIEW METRICS

https://doi.org/10.1002/jsfa.9002

Review article ® Full text access  Get rights and content » = v - l‘ ?
Ei""’gi c‘all : Review b ,?
e Promising effects of p-glucans on gelation in protein-based products: A review [

Hongwei Cao ° ", Ranqing Li ® !, Mengmeng Shi ®, Hongdong Song ®®, Sen Li ® ®, Xiao Guan °® & &

2 School of Health Science and Engineering, University of Shanghai for Science and Technology, Shanghai, PR China
" National Grain Industry (Urban Grain and Oil Security) Technology Innovation Center, Shanghai, PR China

Received 29 August 2023, Revised 17 October 2023, Accepted 19 October 2023, Available online 11 November 2023, Version of Record 30 November 2023. | 8 h

(@ What do these dates mean?

78 910111213 1

International Journal of Biological

Macromolecules

M) Check for updates
Date: January 2024

Article: 127574
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CARAGEENANS!

CATIONREACTIVE
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CARRAGEENANS: THERE'S A BUNCH

Carrageenanare linear chains of-galactopyranosydzy A 1a 22 Ay SR gX4d-K yIRt @&NGIIOGAY I 6wt
glycosididinkages, with mosgialactosylinits having one or two sulfate hadkter groups esterified to the
hydroxyl groups at carbon atoms2CGand/or G6.
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CARRAGEENANS IN FOODS: KAPPA POLYMER
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K-CARAGEENAN: WEAK VS STRONG GEL
NETWORKS (CHARGE DEPENDENT)
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K-carrageenan in solution

(Random coil)
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In gel form

(Helix formation)

No Charge

In presence of salt

(further aggregation of helices)

Charge!
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CARRAGEENANS IN FOODS: KAPPA, IOTA, LAMBDA
WHAT’'S THE DIFFERENCE2 NUMBER OF SULFATES

» Gelation
A Chocolate
A Ice cream

Not a typical gelling agent
A Milkshake

A=-carrageenan
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KAPPA VS IOTA

(a) firm, brittle kappa-carrageenan gel (b) elastic iota-carrageenan gel
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K-CARRAGEENAN: FORM SUPER-WEAK GELS
IN CHOCOLATE MILK
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K-carrageenan in solution In gel form

(Random coil) (Helix formation)

No Charge
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ALGINATES
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BetaD-mannopyranosyluroniacid ALGINATE GELATION
0, 0 * ALGINATE — ALGINATES (ALSO CALLED ALGINIC ACID) ARE POLYMERS
\O/m, EXTRACTED FROM GIANT KELP SEAWEED.
HO

BManpA unit

* STRUCTURE: LINEAR COPOLYMER WITH BLOCKS OF (1-4)-LINKED B-D-
MANNURONATE (M) AND ITS C-5 EPIMER A-L-GULURONATE

OH
-0,C [ OH

/O

alGulpA unit

Alphal-gulopyranosyluroniacid

C Sy y SP6dd Chlemistry
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ALGINATE GELATION

* GELATION MECHANISM

* STEP 1. DISPERSE ALGINATE IN
COLD WATER OR WITH SLIGHT
WARMING

» STEP 2. ADD CALCIUM

* STEP 3. NETWORK FORMATION
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Gelling agent

\
\”\/Z\/E\/WV\/\/\ Applications, e.g.

\ A Molecular Gastronomy Pearls
NN A lce cream
| / A Bakery Custards
( \? A Vegan meat
™ A Mayo, and Salad Dressings

FIGURE 3.53 A representation of the proposed formation of a junction between G-block regions of three
alginate molecules promoted by calcium ions.

C Sy y SP6dd CBemistry
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20% w/w MCC
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™

Poor dispersibility (2% w/w alginate)
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GALACTOMANNANS
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GUAR GUM: MANNOSE + GALACTOSE

Galactose every 2" mannose

Ox M Ox M
HO——H H——OH
HO——H H——OH
H——OH HO——H
H——OH HO——H
B1-4 linked mannose CH,OH CH,OH
D-Mannose L-Mannose
Properties
1. One Galactose for every 2 mannoses

2. Hydrates in cold water
| 3. Highest viscosity per unit weight of the hydrocolloids
4. Tends to give a “slightly slimy” mouthfeel (used for creaminess)




HAIRY POLYMERS
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LOCUST BEAN (CAROB) GUM:
ANOTHER GALACTOMANNAN, BUT THIS ONE IS
HAIRY AND SMOOTH

oub
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OH H ]
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'I.I:I HO < B o HD . P o™
HO 1 _.0o 4 HO 1 .o 4
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LOCUST BEAN (CAROB) GUM:
HAIRY AND SMOOTH

smooth

Properties

1. Insoluble in cold water; needs to be heated

2. Smooth region interacts with other polysaccharides and proteins

3. Used as a stabilizer in ice cream
[ .D R2S8a& y20 F2N¥ | 38t o0& AGaStTr Ala Y2taSQemaba AyiSNI Ol 6
(Section 3.3.10) helices, forming junction zones and rigid gels
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Pectin

galacturonoglycangoly(h -d-galactopyranosyluroniacids)]
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PECTIN: POLY(A-D-GALACTO-PYRANOSYLURONIC
ACIDS) WITH VARYING PERCENTS OF METHYL ESTER

VERSUS URONIC ACID GROUPS

LM: 1525%
HM: > 55% (~65%)

Uronic Acid Methy ester of the uronic acid
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HOW DOES PECTIN WORK?
IT DEPENDS.

Frutt Pectin For Homemade fams & Jefiag

SURE *J[ll
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PECTIN GELATION

POLY(A-D-GALACTOPYRANOSYLURONIC ACIDS); VARYING PERCENTS OF METHYL ESTERS

TYPE % METHYL ESTER LINKED GEL CONDITIONS
CARBOXYL GROUPS

RAPID SET =70 % ~65% SUGAR, PH 3.0 - 3.4 (HYDROPHOBIC)

Drinking yogurt

SLOW SET 50-69% ~65% SUGAR, PH 2.8 — 3.2 (HYDROPHOBIC)

%OW&«’IETHOXYL < 50% SUGAR-FREE; CALCIUM IONS, PH 2.5 — 6.5 (IONIC)
ogu

INTERACTIONS DUE TO HYDROGEN BONDS, HYDROPHOBIC AND ELECTROSTATIC FORCES
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High Proteird 5 NJA VYpgury (ar fiigkacid protein drink)

iy '@ @i @5’:@

s
- r\f ks -
5 @@
- +
+ o+ +
HM pectin Casein Micelles

Adsorptive Stabilization
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d-galactose, 44%:drabinose, 24%;-dlucuronicacid, 14.5%:-thamnose

13%; 40-methykd glucuronidc OA RE Mop 2 @ ¢ KS@& O2y il Ay Yl
linkedi -d-galactopyranosylinits having tweto four-unit side chains

O2 y ah aiA yinkedi2dfgala@ctagysanosylizy A 0 & 22A Y SR 02 A0
linkages

GUM ARABIC
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“RLYY GUM ARABIC: POLYSACCHARIDES
GGGGG NG (ARABINOSE & RIBOSE) + GLYCOPROTEINS
S op

~ « PROPERTIES

* DISSOLVES IN HOT OR COLD WATER

* LOWEST VISCOSITY AND MOST SOLUBLE HYDROCOLLOID

* USED IN CONFECTIONS TO INHIBIT SUGAR RE-CRYSTALLIZATION
* USED IN SOFT DRINKS TO STABILIZE FLAVOR EMULSIONS

* GLYCOPROTEINS MAKE GUM ARABIC SURFACE ACTIVE (TRUE
EMULSIFIER)

Gumarabicconsists of a complex mixture of glycoproteins and polysaccharides, and is soluble in water.
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IN THE THICK OF IT: HYDROCOLLOID FUNCTIONALITY
* SOL FORMERS /STABILIZERS SOLS

* LIQUID THICKENERS
* GEL FORMERS
* EMULSION STABILIZERS (GENERALLY NOT TRUE EMULSIFIERS)

* FOAM STABILIZERS

* EDIBLE FILMS /COATINGS /GEL CAPS
* FAT REPLACERS

* DIETARY FIBER /HEART HEALTH
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Opportunities
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Chapter @ Full text access  Get rights and content »
Chapter 5 - Manufacturing processes of whey products
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Chapter 3 - Chemistry and properties of the caseins

Haotian Zheng 2
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Structural Properties, Uses, Health Benefits and
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Chopter e Full text access ~ Get rights and content »

Ingredients and Formulation
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Introduction: Measuring Rheological
Properties of Foods
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Physical Stability
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Texture Design and Optimization
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Food, Bioprocessing and Nutrition Sciences

)
(AP)

AC:[;E/MIC Encyclopedia of Dairy Sciences (Third edition)
PRESS 2022, Pages 616-625

Texture

Hootian Zheng @

% Department of Food, Bioprocessing and Nutrition Sciences, North Carolina State
University, Raleigh, NC, United States

b Southeast Dairy Foods Research Center, North Carolina State University, Raleigh, NC,
United States

Stress (Pa)

Alternations of Structure and Texture during
Oral Processing (pre-fracture = first bite)

compression & center crack tension

1 ' Fracture & Tribology
=Xy
>

e

& Microstructure

<~ Torsion

LAOS

2 )

@~ B -4 - W

Alternations of Structure and Texture during
Oral Processing (chew down & tongue-palate compression)
°

2

Gape (mm)
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Emulsion Gel
Structure & Texture Design Example

WPI emulsion Whey aggregate emulsion

Food, Bioprocessing and Nutrition Sciences

A Lubrication property __ Coldset gel Coldset gel

e

A Rheology/Textural mouthfeel

Aim: mimicking starch gel
i For lubrication property

. -
03_..:“:::'8--.,. Whey protein gels
~ | H
g oy .9;058.:::..3::.
; R FA-5.8-10
g 021 é_’ .o...o ) |
g [ ] 8 ' ‘
g tarch gel % e iy
n.m_ 3..0.. .:
| T T
000%p00° ool o8 '
[[@ FA62558 @ FA-62-10-7.0 @ FA-90-558 © FA-90-10-7.0 Owi 2%) |
0.0 - .
1 10 100 1000
Entrainment Speed (mm.s™) # a .

Amin et al, Food Hydrocolloids, 2024 Large Deformation Rheology

Amin et al, JDS, 2025



hydrolysate as a functional ingredient

Qihui Wu @ & &, Marvin Moncada ®, Haotian Zheng @ 2 &

States

28081, USA

Pea protein-based yogurt alternative (PBYA)
made from pea protein hydrolysate (PPH)

Pea protein-based yogurt alternative (PBYA)
made from pea protein isolate (PPI)

Oil & sugar Oil & sugar
Homogenization Homogenization :
PPl emulsion PPI dispersion PPH dispersion PPH emulsion
. starting system .
Fermentation Fermentation
& smoothing & smoothing
Pt e e e e o, e et et e
' PPI-PBYA ! PPH-PBYA
 * Coarse appearance 1 * Smoother appearance

|+ Firm texture |+ Softer texture

I

I

I
1« Large gel particles : I« Smaller gel particles

I
1+ High friction coefficient : 1+ Lower friction coefficient
L

PPH-PBYA
(10% protein)

PPI-PBYA
(10% protein)

Food, Bioprocessing and Nutrition Sciences

Research article ® Open access  Under a Creative Commons license 2 Get rights and content 2

Improving the texture and structure of high protein yogurt alternative using pea protein

® Food Rheology Laboratory, Department of Food, Bioprocessing and Nutrition Sciences, North Carolina State University, Raleigh, NC 27695, United

b plants for Human Health Institute, Department of Food, Bioprocessing and Nutrition Sciences, North Carolina State University, Kannapolis, NC
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Protein Powder
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Powder flow behavior and dispersibility
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oil/water interfacial behavior emulsion characteristics

emulsifier adsorption dynamics Emulsifying Activity
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Work of cohesi.on (Wc, 4) | correlations i Wetting behavic?
Work of adhesion (Wa, -) | r_were found

Coalescence Stability

100 ml water

Young'’s equation
SFE = Yg-5s = Yi-s T ¥g-i oS jsuna01n 8.1

¥

Owens, Wendt, Rabel, and Kaelble (OWRK) Model

ML yfj s J— y'} g (Rapp 2017)
rg 1
Investigation of correlations between

. . » O COLI¢ interfacial properties of milk protein
SFE=y = E,=[,,,d,,.,mb,ﬂm Yg-5s =Vg-s T ¥Vgs ez powder functionalities and powder surface

) . 1 | - ingredients and their emulsifying properties
$ properties for milk protein ingredients ooy 3 i Fheng 2 .8
Work of cohesion (W,); Work of adhesion (W,)

Haoyi An ' 2, Haotian Zheng *? oy =

Journal of Dairy Science
Volume 108, Issue 1, January 2025, Pages 190-205

Journal of Dairy Science
Available online 16 May 2025
In Press, Journol Pre-proof () What's this?

Research

Investigation of the relation between

An & Zheng 2025 Journal of Dairy Science x2
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Protein Ingredient Manufacturing
&
Functionality (UHT -stability)
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Lactose & Water

@®@® Proteins
& Fat

Tangential Flow

Food, Bioprocessing and Nutrition Sciences

Proteolysis in MPC based protein beverage
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1st place
Graduate student
poster competition




