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Food security— a major concern
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access to
processed food?

Global spend i
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7.3 B people
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Growth
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+2.4%

+ 1.1B people
by 2030

+1.2%

Note: Households with >5.000 PPP-$ considered to have access to processed food
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materials k manufacturing) k Suitable forms
Milk * Cleaning/ milling » Pasteurized milk/dairy products
* Grains « Pasteurization + Baked goods
* Oilseeds «  Extrusion / texturization + Oilffat
* Legumes » Cooking / baking / frying * flour
*  Fruits & vegetables «  Cutting / chopping * Juices
* Meat »  Chilling / refrigeration * Meat patties/sausage
* Dehydration / concentration
Non-Uniform » Uniform / Homogeneous

* Enhance economic value
Food *  Minimize labor intensive operations
characteristics Al/ML in food Process +  Reduce food wastage and cost
(weight/size/shape/color/ processing control/automation *  High quality / uniformity
flavor profile) *+ Meet growing demand
*  Process optimization
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Food quality / safety / shelf life =
f (Temperature, time, RH, moisture content, pH, physico-chemical properties,...)

1.3 billion tons of food is lost annually due

to the lack of proper processing; $1 Trillion2 Environmental impact — Food scarcity

Food manufacturing Food and biological systems - non-homogeneous

Complex process— Foods processing = highly non-linear; Interactions b/w O @ &
Many variables variables =z 2
...product flow rate, viscosity, AT during a heating/cooling = biochemical (nutrient, color, an 3 9
pH, temperature profile, flavor, etc.) or microbial changes = should be considered lé \\'J /

concentration, moisture

content, storage conditions, Moisture cor_ltent constantly fluctuating - affect the flavor, Brain-Limited sensory
aroma, flavor, texture... texture, nutrients perception
Density, thermal and electrical conductivity, specific heat, https:/iwww.pps. netidomain/2631
viscosity, permeability, and effective moisture =
f(composition, temperature, and moisture content,...) N

L e
- vary during the process. ‘ * L } @ ,ﬁ
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Irregular shapes are present.
https://stock.adobe.com/ 4



Al/ML In Food Process Engineering

Role of AI/ML in food industry3

/\

Food security management

Image processing / recognition technologies.

Al in fertilizer management for safe food .
Food inspection and grading using imaging .
Robotics for food warehouses

Smart technologies; information sharing .

Food quality management

Al for improving food quality
Mathematical modeling

ML techniques for increasing the
productivity

Pesticide management using Al.

» Methods to analyze the Food Processing operations?

Machine vision

Avrtificial neural network

Genetic algorithm

Fuzzy logic

Decision-tree

Support vector machines
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« Using cameras to automatically observe, capture, evaluate, and recognize stationary/moving objects
* Image acquisition (Hyperspectral imaging, thermal imaging, NMR, MRI...); Image processing
» Non-destructive testing (grading, package quality, foreign object, debris detection,.
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Machine vision system? Dirt/crack detection in egg by image analyses and machine vision®
Grading mango by size and maturity (ripe/unripe)® . =
Maturity - mean intensity algorithm in L*a*b* color space L ~~""-*II*';::::-
Size - Fuzzy classifier with parameters of weight, eccentricity, e oo |_woon_[727] l o
B $ize Featore Exteaction ,
and area B 2=,
| Coaven Class i
| RGB % LAS
|| g IE' , ]} T o
Ecosstricity - Distance 4rom the canter 10 2 focus/ Distanca from 1hat Socus 10 & vertex Class | - SizefSmall, Medium), Maturity(Unsipe, Partially Ripe)
:’;;:{“:;’:;“::ﬂmm g Class |1 - Size(Meclum, Big), Maturity(Partially Ripe, Ripe)
Sge Featers Extraction outpat - Smal, Mediem, Big 6

Maturity (Coler) Feature Extraction output - Unripe, Partially Ripe, rige
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« Aims to solve problems of Al, by building a linked system; simulates human brain
« Trial and error learning; solve highly non-linear problems

« Used to model and predict different processes in the food industry
Forward Propagation 5T 0 g ;
— ‘ .
o Q“Q terative process until > ;
loss function is ;
0 0 “ w minimized _ :
e . ; / RS R Y h = = it v Input Layer f ______
14 | A\ ;__' \\ ® Hidden Layer
: : §K‘:‘§ ; Predictions () True Values (y) 1z = &40 i
x2 ', - . \ / E 08 4 % 08 ;Tnn:;m tod
® =7 [ .
z 02 0z
— 0.0 - . . . = 00
Backward ProPagation " b &pfr‘lmonhlor:ohtmao raaﬁo " b Drying time (s)
ANN architecture?’ Carrot-cube hot air drying; predictive modeling of drying®

« Better predictive performance than conventional statistical and heat-diffusion models®
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Optimization of multi-dimensional non-linear complex problems; simulates natural

eVOIUUOn Step 1. RSM-GA based optimization

_____________________________________________________________

' I
— - | ! 4

Begin [ ' :
' I
y | ; 1
Initial population : [
- |
e | . ‘ - ~ |
v : ‘ [
[ Calculate the fitness value ] I - _ . ; :

| — —
¥ [ Response Surface Methodology :
| Selection | [ o !
Y 3 !
| S I Chicken meat - |
Crossover | | .. d !
¥ - - :

1 [
[ Mutation ] l 3D prinling :
| —— [
[

i | d,T, [NaCl] ..... 1
5 termination criteria [ Genetic Algonlhm [
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satisfied?
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' : Untreated Steamed Boiled :
| |
. . |
Flowchart of standard genetic algorithm10 i |
| I
Extrusion cooking I I i
|
Temp rpm Additive% Moisture% : = E
| =
100 80 10 20 : MS: mold- xlxnpcd De: lD-pnmtd :
Quality tmmm e e e 4
150 120 30 60 }

Optimizing 3D printing of chicken meat!!



Fuzzy logic
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« Deals with uncertain, subjective, imprecise data to yield numerical data
« Liking/disliking of food products - sensory data = fuzzy

Color,

Taste, Exce_llent /g_ood /
— Aroma, — medium / fair/

Mouthfeel, not-satisfactory

i) A
classical (crisp) set A
1) T === e —
fuzzy set A
membership
function ()
0.0 ¥ | L t .| >

@
en.wiktionary.org/

b Cy d1 |
Value of fuzzy
membership
function
a C d
0 25 50 75 100
Not Fair/ Medium/ Good/ Excellent/
satisfactory/ Somewhat impor - Highly Extremely
Not at all important tant important important
mmportant

Membership function of fuzzy 5-point sensory scalel?

Scale factors Color Flavor Homogeneity Taste

Not at all necessary 0 0 0 0
Somewhat necessary 0.239279 0 0.178571 0
Necessary 0.861405 0.294393 0.785714 0
Important 0.741765 0.930211 0.785725 0.287273
Highly important 0.136731 0.67136 0.178571 0.887273
Extremely important 0 0.075034 0 0.54053
Ranking Y Il I I




Computational fluid dynamics

CFD simulation

Using numerical analysis and data structures to analyze
and solve problems that involve fluid flows.

Initial conditions, t =0
Initial temperatures, T=25 °C
Initial velocity, v, = ¥
turbulent flow conditions, 5%
K-€ turbulence model

Boundary conditions, t =t .4
Outlet Pressure, p= 0.01 MPa
Boundary temperature, T,= 1 K

Material properties-Liquid
Density, p
Specific heat, ¢,

Boundary,

A

Ty

Viscosity, u
Thermal conductivity, T

inlet velocity, ¥ as per calculation

Gravity

Meshing

CFD problem setup

Material properties-solid
Quartz

Density, pguarez

Thermal conductivity, 74yqrt7
Specific heat, ¢, guartz
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Navier-Stokes Eq. (Flow)

V-v=0 ;
61_5 N N - -
p E+(v-V)v]=—Vp+pg+uV2v

v

—_

A

Meshed geometry:
— Discretization into no. of
smaller control volumes

CFD code solves the governing equations
Vv material properties and initial conditions

l

mode

CFD analyses carried out in steady state

Particle tracking scheme: from inlet (discrete phase
model)-LPT method

10
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« CFD numerical analysis helps in prediction of variables (T, v, [ ]) at any point within the geometry

« Good comparlson with experlmental values

- e Stationary egg >
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Egg heating up to 55.6 °C; stationary vs rotation at 5 Velocity contours!# inside a spray dryer for producing milk
rpm?3; visualize the temperature contours powder; Interaction of milk particles with hot air

1I3Ramachandran et al. (2011) 14Gabites et al. (2010) 11



UNIVERSITY COLLEGE OF FOOD, AGROULTURAL
OF MINNESOTA AND NATURAL RESOURCE SOENCES

FOOD SCIENCE AND NUTRITION

Al applications in CFD

« Al augments the performance of CFD solvers
 Faster analyses; shorter run time; maintains accuracy*®

CFD analysis of ST bioreactor'®

12
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Plant Protein functionality prediction

 Plant protein = cater to the growing vegan population demand
» Applications - Protein functionality = f (protein structure, source)

Polypeptlde Chain

e CACGTAGACTGAGGACTCCTCRTC o DNA : % q p¢ . 17
1 P ¢ : Soy vs pea protein
“fmfm = R»Iu? - vo @ - Soy has cysteine residues
V- H L T P E -~ protein O0q ‘__,. Amino Acids - Better funct|0na||ty
| | § e s
Protein translation 2 Y
en.wikipedia.org/ - . 7S B-conalvcinin (So
Protein sequence B gy (Soy)
medlineplus.gov/ 3D StrUCture
_ 90 - | *k%k 20 - : sk k . 1400 - Skk
S 801 1 18 . 2 1200 - !
2 707 € 16 1 S 1000 I
Z 60 3 14 1 8¢
S g - S 12 - o5 800
o L 10 A £ 5
B 40 - © >2 600
c 5 81 =
=30 1 2 64 = £ 400
— o
o 20 ~ L S 4 - S =
£ 104 x ] I W 200 -
0 0 0

cSPI cPPI cSPI cPPI cSPI cPPI 13
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Plant Protein functionality prediction

* Collaboration b/w PPIC and Microsoft

 Prediction of protein functionality - ML application (PPIC has a huge
database of structure-function data for several plant protein)

i~ & S
NS -~
(PRIYE ’
A e
g s
LA s
- RJ »

3D structure Protein 2D surfacel8 H bond potentiall® Surface hydrophobicity® :

https://www.rcsb.org/structure/6eb6

* Develop predictive models from the data on the structure-function
relationship - identify proteins for specific application

 Solubllity, pH = beverage applications
* Good gelling - meat alternatives

14
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Other applications

* Interiqr — 3D printed cookie with embedded gr code = reduce waste generation due
to packaging/labelling

tag %
-

data | 2023/03/31 |

weal boua o el bawa o
ik v ety ot tbes ol supperts  wwhertive waspeete
Vi, e )

3D model
of food - O

-

agging software

infill volume [ sox |

@ user interface (input) @ generating tag @ tag recognition : ety i
P AL O™
LA -y

3D printed cookies with qr code?°

« electronic nose (e-nose) barcode - changes color over time by gases
produced by meat as it decays - barcode ‘reader’ smartphone app?!

https://scitechdaily.com/ai-powered-electronic-nose-sniffs-out-meat-freshness/

15
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