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CEUs — New Process

Certified Crop Advisor (CCA)

Sign in and out of each session you attend.

Pickup verification sheet at conclusion of each
session.

Repeat this process for each session, and
each day you with to receive credits.

Pest Control Advisor (PCA), Qualified
Applicator (QA), Private Applicator (PA)

Pickup scantron at the start of the day at first
session you attend; complete form.

Sign in and out of each session you attend.

Pickup verification sheet at conclusion of each
session.

Turn in your scantron at the end of the day at
the last session you attend.

Sign in sheets and verification sheets are located at the back of

each session room.
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What is shelf life (SL)?

Oxidative Stability and
Shelf Life of Foods The Stability and
Containing Oils and Fats Shelf Life of Food

Second edition

SL is a finite length of time (t) after production and packaging during
which the food product retains a required level of quality under well-
defined STOI"Gge Condiﬂons' Manzocco. 2016. Crit. Rev. Food Sci. Nutr. 56:1640-1646.



Basically, there are 2 possibilities for a product to become
unacceptable during storage ...

(1) the development of a risk for consumer

dissatisfaction due to poor quality appearance,

low sensory, and/or nutritional quality of the

product (e.g., lipid oxidation);

(2) mainly associated with safety issue = 00000
potentially leading to a risk for consumer _I3 ]

health. Shelf Life m
Stability Studies

“Best By Date” - Is it Legit?



A = parameters such as T, RH, packaging °

type, # of films & thicknesses, O, level ...

»

Storage Time (t)

SL-out food o
Unacceptable
(I< Ilim)

SL= Ty, 1) e o o o o R

SL-in food
Acceptable
(I> Ilim)

The concept of an acceptability
limit (I};,) discriminates products
that are still acceptable for
consumption (SL-in food) from the
no longer acceptable ones (SL-out
of food).

Despite its intuitive nature, it is a
shadowed boundary that is
difficult to be defined.

Production
Acceptability limit
I= Ilim

Quality Indicator (I)
Manzocco. 2016. Crit. Rev. Food Sci. Nutr. 56:1640-1646.



Sensory analysis is one of the most suitable processes for
measuring oxidative damage and determining the shelf-life
(SL) of foods, but it is an expensive and time-consuming

methodology.

Lipid oxidation is one of the most common causes of
deterioration in the sensory and nutritional quality of nuts.



Social and cultural context
(attitudes, beliefs and =
opinions)

Affective,
emotional, cognitive
and behavioral

Consumption circumstances
and previous information on

the almond product EURNBUIR Acceptable!
Comparison with information
stored in the memory of pasti-
experiences
Information acquired
from observing, Sensor‘x
handling and - per'.cephon:
consuming food - visual
- olfactory Production variability
- gustatory
- hearing Storage variability
- tactile
- frigmeninal

Variables affecting consumer acceptance or rejection of stored almonds.



I Almonds are susceptible to ...

- Microbial spoilage ... mold o

- Oxidation

- Textural degradation



Nuts are protected from light and humidity inside their
shells, and they can be conveniently stored for a long time.

The pellicle that covers the nuts is rich in phenolic
compounds that confer extra protection against oxidative
damage.

For economic reasons, however, a great % of nuts sold in
the market are out of their shell and exposed to light,
oxygen, and elevated temperatures.



I Solutions...
- Microbial spoilage ... mold mmmm) Reduce moisture content to 4-6%
- Oxidation mmmm) Nitrogen flush, vacuum package

- Textural degradation mmm) Protect against too high/too low RH

What is needed to achieve this?

$




Factors that Affect Shelf Life

Almonds are relatively low-moisture, Major Factors Influencing Almond Quality and
high-oil-containing nuts with a long shelf Shelf Life (ABC 2014)
life when properly handled. Product Erui T ek
Almond quality and shelf life can be characteristics vironmen e
influenced by three general factors: the Temperature;
product characteristics, the environment Humidity; Physical
during distribution and storage, and the Composition; Oxygen; protection;
package. Water activity; Procggsmgl Moisture
conditions; .
These factors interact in many ways to Borm; Insects, SR
influence almond quality and to impact pests, 193 WA
shelf life. microorganisms.

Shelf life guidance for almonds must
specify the product and the storage
conditions.



I ABC Recommendations - Storage Conditions and Handling Practices

* Storage for all almond forms in cool and dry conditions (<60°F/<10°C and <65%
relative humidity) is recommended.

* The optimal goal of the recommended storage conditions is to maintain <6% MC,
which helps preserve shelf life.

* A cool temperature of <60°F/<10°C is optimal, but a higher temperature that does
not stimulate insect activity may work as well fo control moisture migration (and
also minimize lipid oxidation).

* Almonds are a shelf-stable nut that can have more than two years of shelf life

when stored at the recommended conditions.

High Quality > Moisture <6%, a, 0.25-0.35, Free fatty acids <1.5%, PV <5 meq/kg
-



Water Activity (a,) - Stability Diagram
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Water Activity (a,)

Knowledge of T, RH, and a, levels can aid in the selection of a package with the
correct barrier properties to optimize quality and shelf life.



Lipid Oxidation
Lipid Oxidation Pathways

Lipid oxidation (lipox) is a complex series of undesirable
reactions that cause the breakdown of fats and oils.

In almonds, the oxidation reactions lead to a loss of
quality as the nuts develop "rancid” flavors and odors.

During lipox, O, reacts spontaneously with the fatty acids in fats to form
primary breakdown products (e.g., peroxides, conjugated dienes) and, as
oxidation progresses, secondary products (e.g., volatile aldehydes, ketones)
are formed that give rise to of f-flavors and of f-odors.

Oxidation can be measured by testing for the presence or accumulation of
one or more of these primary and secondary products.



Several simple chemical tests based on
spectrophotometry or titration can be used to track lipid
oxidation in nuts.
® Peroxide value (measure hydroperoxide formation), 1°
® TBARs (2-thiobarbituric acid reactive substances), 2°

® pAV (para-anisidine value), 2°
® Hexanal formation by HS-SPME-GC, 2°
® Tocopherol (vitamin E) analysis

What about the impact of relative humidity (RH)?



Zajdenwerg (2011. Eur. Food Res. Technol 233:109-116)
investigated Brazil nut oxidative shelf-life using chemical

analysis and sensory evaluation. Accelerated storage at
80°C with no mention of RH.

® Consumers rejected nuts after 12 days
® PV =18.8 meq. active O,/kg oil
® pAV =7.68

® Hexanal = 49 pmol/100 g oil

-~




Volatiles Reaching our Nose

Hexanal is an important secondary product of lipox of linoleic acid.
It is a volatile aldehyde with a "fatty, green, grassy" note.

It forms as almonds oxidize during storage; it can be measured and used as
an indicator of oxidative rancidity.

Other volatile compounds exist in raw, roasted, and stored almonds.

Emerging research is showing that selected volatiles other than hexanal
might be sensitive markers of early oxidation in almonds.



Headspace — Solid Phase
Microextraction —
Gas Chromatography —
Mass Spectrometry
Analysis

velarile
analvies

L
9 ®
sample, dilution

selvent, and matrix
modifier
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12 mo - Roasted Almond Sample in a PP Bag @35 °C/65% RH
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I Moisture Migration

* The difference between the relative humidity (RH) of the surrounding

environment and water activity (a,) of the food determines whether a food gains

or loses moisture during storage N s
* RH>a,, then food will absorb moisture from the air \? / ?Z]A °
* RH<a,, then the food will lose moisture

* At equilibrium, RH = q,,

gm Waterigm ol Dry Air

a, is the vapor pressure of water
above a sample (P) divided by that of
pure water at the same T (P,)

a, = P/P,




Crispness scores drop when a critical moisture (a,) is reached

Sensory Crisphess

8
6 |
4
2

O

extruded corn puffs
. * -+ 20% sugar

extruded corn puffs

.

o
-
b

/s

0.4 0.6 0.8 1
Water activity (a,)

6. Roudaut. (2007). Ch 8 in Water Activity in Foods. Blackwell Publishing.



I Method for Texture &
Sound Analysis

* Texture analysis can be
performed using a Texture
Technologies TA-XT2i texture
analyzer.

* The fracturability of whole
almonds can be evaluated using
the texture analyzer with a
compression disk.

* The audio can be recorded during
texture analysis and analyzed to
provide a more complete
fracturability profile.




IDescripTion of textural factors extracted from the force/displacement curves

T v Textural
2250104
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Raw Only ) Raw and Roasted Roasted only
. UCs PPBs HBBs
I Study Design Tand %RH Tand %RH | T (No %RH)
[Ambient RH ) [Ambient RH ) [ )
The effects of [ aoc [ aec 1
environmental storage
conditions on roasted and | ) | ) | )
raw almond quality TSI ) AT ) e )
characteristics were | |- 15°C |- 15 | 15 o
: : : « 25°C « 25°C
{nves’rlga’red with an . 350C J . 350C J L J
incomplete factorial design
(n = 25) over 16-mo and 24- (65% RH ) 65% RH ) ( )
- . 15°C . 15°C .
mo, respectively. o I o I - 250C
(35°C ) (35°C ) \ )
Samples were analyzed at 2-mo intervals until consumer rejection
or conclusion of the study, and compared to baseline values. 1 P

\e——



Rejection timeline for raw and roasted almond samples

Samples that were not
rejected

Rejection timeline (mo) for all samples

A
(Raw Soflols 35/50 25/65 15/65 Sample  Rejection Rate
PPB
= ) A 25/50 22.5%
e e 35/50 25/65 25/50 ,
Mo 0 2 4 6 10 12 14 16 >> 24 A 4'/90+ 12.7/0
= C 25/50 18.6%
(Roast 35/65 35/50 25/65 C 15/65 20.6%
PPB)
D C 15/50 8.9%
‘5;3? 35 C 4/90 9.8%
. D 25 2.9%
Shelf-life: °
HBB >> PPB > UC D 15 7.9%
At 35 °C, roasted > raw D 4 5.9%



I Summary

Chemical
» 1 values > | overall acceptability and 1
rejection rate
* Univariate analysis revealed ...
» Overall acceptability: a, > FFAs > PVs
» Rejection rate: FFAs > PVs
Textural
« 1 FPs, ADs > 1 overall acceptability and |
rejection rate
1 AGs > | overall acceptability and 1
rejection rate
* Univariate analysis revealed ...
« FPs> ADs




Overall Study Conclusions

* For both raw and roasted almonds, an
interaction of chemical and textural
parameters predicted shelf life.

* Both temperature and humidity are
important to regulate during storage ...

— Almonds stored at higher Ts degraded more
rapidly than counterparts at lower Ts.

— Almonds stored at higher %RH degraded more
rapidly than counterparts at lower %RH

* Using univariate analysis, a, and MC were
determined fo be the better predictors of
overall acceptability and rejection rate.

-;.._:r'-. .}';h;-phh-u:h L 'ﬁm. e s :
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I Shelf Life

e Time after production that a food product remains
acceptable

 Factors effecting shelf life:
—Product
—Processing
—Packaging
— Storage environment
—Company standards



I Some Comments

Safety is mandatory; quality is optional

Definition of acceptability is important

Multiple degradation - pick most critical

Packaging contains, protects, presents

Distribution plays an important role

Modeling lets you “try” alternatives



QUALITY PROFILE

~ —— Optimal

> Production Variability

N s J--J—u- '.-'-;."_ =
z"\. “":‘L 'I-..l\-.-.-, l "‘l




I Almond Package Examples from China Market

@ california
almonds

Almane Baard of Califarnia



I Local Packages and Dates

i|st before 1/15/1 98

Best by 5M12/20
Best by 7/2018




Claimed Best by Quality Remaining (months)
for Some Commercial Almond Products

Package — from “Best by:” and “ Sell by” dates Ambient
Almonds in PETE tub £
Almonds-All Natural - in pouch (suggest fridge) 9
Trail Mix - clear stand-up pouch 9
100 Calorie Almonds — pouch-in-box 12
Wasabi-Soy Almonds - foil stand-up pouch =
Whole Natural - in can 19

@ california
almonds

Almane Baard of Califarnia



Shelf Life Modeling

* Product parameters: initial moisture, critical moisture, moisture
Isotherm that defines moisture impact.

» Packaging parameters: WVTR, thickness, area, net weight
* Environmental parameters: Temperature, relative humidity

Assumed in 12 oz. package of OPP25/ink/adh/EVOH50 — WVTR 0.258



Shelf Life Model

Ln (Me-Mi)/(Me-Mc))
(WVTR*((A/100/Ws)*(Po/b))

Shelf Life =

Me, Mi, Mc = equilibrium, initial, critical moistures
WVTR = Water Vapor Transmission Rate

Ws = Weight solids

A = Area of package

Po = Saturated vapor pressure

b= slope isotherm

almonds



I Estimation of Shelf Life Potential Based on Moisture Adsorption

» Estimation assumption — Shelf life is defined by moisture content:
— Initial moisture: 5.0% 12 oz. package
— End moisture: 6.0% OPP25/ink/adh/EVOH50 — WVTR 0.258
Same size flexible pouch

Note: Almonds are both moisture and oxygen sensitive. Shelf life is
determined by that parameter that makes the product unacceptable first,
and can be packaging dependent. If you use an excellent moisture
barrier, rancidity can be the critical factor.

Oxidation is complex, based on history and harder to model.

almonds



Obtaining Equilibrium Moisture and Slope from Moisture Adsorption
Isotherms _

ns AT PrOFESSIONALS Prediction of Almond Moisture Content and Textural Properties
(& california Processing Sate Trade & rams & Current S Englsn USCanat Moisture and Textural Sorption Isatherm for Documentation
- Fmgllcl ngul:m:ynwaln msovurus ?ls B%ﬁ B Properties Additional Varieties

= T Lo | e
TRADE & REGULATORY AFFAIRS

Almond Variety: Carmel Raw Pasteurized Whole
Carmel V| 85
INTERNATIONAL TRADE MOISTURE MIGRATION AND MANAGEMENT Frocessing Method: _ sq
Raw Pasteurized | L
USDA Standards Aimonds In-5i PR
TECHMICAL INFO KIT Almand Size l -9
us0a snetied Almands Whole v/ ; 2
ALMON ALITY z )
SELLL Initial Moisture (wh.%): 4 =
Almond Guality Overview —_—— E %51
]
California Almond . ] 64
Characterization Relative Humidity and Moisture 5
Alronds can pick up of lose moiue depending on Meir miial moslure content and the relative humidity (M) of the — Conditions - Single Stage 5 554
surmounding environment — called moisture migration. Unwanted moisture migration in almonds may affect texture, = = §
Effacts of Processing microbesl stabilty and the rale of varous reactions mat impact shelf ife. When aimands pick up maisture (adsorptian), they sniapotCoic_ tulipis Siaone 54
ity ose Sorne of Ieir CIunch, mok! iy SUar 10 grow, and lipid cxsalion increases, Moslure loss (desorplion) may kad 1o S S
Lipid Oxidation and Oil
PE S0 s, sUch . bt @t very low molsture ipkd, coddation also increases. Tem; 5+
Migration select ;{:7{) ; ”P- l![udrxm;n
g °C) ays
Shelf Stabiity and Sheif Life Moitiure migrasion Sceus untl equiltrium wilhn (e Syslem i resched. aimonds in hghdusnigity emrenments will o | & B 50 44
Qencrally peck up mosture, espedially at ambeent and hgher temperatures. S1COMNG MOtsture Migration requires efher a -
o) 354
maotsture-barmier package andior neducing the humidity of the environment. O 80 35 30 . . . . . . . | ; . .
o 4 30 20 o 1w 20 30 40 50 60 7o Bo g0 100 mo 120
The effects of envionmenial H on almond Mosiure KVels ane expressed by waltr SoMlien scihemis. As shown from . Time (days)
almond ksothenms, at 3 range from 20 1o 65% rH, almands will retain motsture kevels from 3.0 10 6.0; at thess levels, almonds o 75 ] 28 30

are eSS prone 10 Dogical of chemical reactions. More ieeal moisiure levels for aimonas are 3.0 1o 50%. which can be
achasved at environmental condifions of 20 1o 55% rH Dunng storage, managing emvirnmental humidity is a key to
presenving aimond qualty. It is critical to maintain a sweady environmental H so the moksture kevels In aimonds will not
Tuchuate over storage Almond Board of Callfornia « University of California, Davis

Studies at the University of Califomia, Davis. Indicate that different vareties or sizes of whole aimond kemeis and

pstewsized o unpasteurized almonds ineract simly with envionmental (H, bul roasted and blanched almands inlesact = = i et i e~ i i P R B B i
differentyy P ——— o —

Relative: humidity Muctuation will affect almond motsture changes, which wil impact texture quality, This oriline moisture and
texture model he effects af ™ on Amond mosture content and the impact on lexiure
properties.

To use the online moisture and texture model, click the image below.

re——

-
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http://www.almonds.com/processors/choosing-and-using-
almonds/almond-gquality/moisture-migration-management



http://www.almonds.com/processors/choosing-and-using-almonds/almond-quality/moisture-migration-management

I WVTR of Packaging Materials Used by Almond Stakeholders

Package g/100in?/day

1.25 mil NA940 - LLDPE 0.88
OPP25/ink/adh/EVOH50 0.258
48gaPET/DL/48gaVMPET/DL/320galLLDPE 0.18
Nylon (MVTR from spec sheet) 0.077
PP/ink/adh/MPET/adh/PE 0.05
76gaOPP/DL/48gaVMPET/DL/160galLLDPE 0.05
Foil <0.001
48gaPET/12#PE/.000285F0il/12#PE/150gaLLDPE 0.0006




I Time to attain 6% moisture for Monterey Raw Unpasteurized

at (25°C/65%RH)
No Packaging Film 3
1.25 mil NA940 — LLDPE 88
OPP25/ink/adh/EVOH50 94
48gaPET/DL/48gaVMPET/DL/320galLLDPE 134
Nylon (MVTR from spec sheet) 314
PP/ink/adh/MPET/adh/PE 484
76ga0OPP/DL/48gaVMPET/DL/160galLLDPE 484
Foil years
48gaPET/12#PE/.000285Foil/12#PE/150galLLDPE years




Effects of Relative Humidity and Temperature to attain 6% (months)

Product 10°C/65%  15°C/50% 15°C/65%  25°C/65%
Monterey-Raw pasteurized 23.2 stable 12.6 28.0
Monterey-Raw unpasteurized, no package 3 days stable 3 days 3 days
Monterey-Raw unpasteurized 14.7 stable 13.3 9.9
Monterey-Raw blanched 37.9 stable 68.9 stable
Nonpareil-Raw pasteurized stable stable stable stable
Nonpareil-Raw unpasteurized 30.7 stable 29.0 stable
Carmel-Raw pasteurized stable stable stable stable
Carmel-Blanched stable stable stable stable

Assumed in 12 oz. package of OPP25/ink/adh/EVOH50 — WVTR 0.258

@ cal ifornia
almonds

Almane Baard of Califarnia



Attaining 6% moisture under accelerated conditions (months)

Product 10°C/75% 15°C/75% 25°C/75%
Monterey-Raw pasteurized /.8 6.5 4.8
Monterey-Raw unpasteurized 5.8 4.8 3.1
Monterey-Raw blanched 10.2 8.2 7.2
Nonpareil-Raw pasteurized 9.2 7.5 5.1
Nonpareil-Raw unpasteurized 8.9 7.2 4.8
Carmel-Raw pasteurized 12.3 8.9 6.1
Carmel-Blanched 18.8 11.6 8.9

Assumed in 12 oz. package of OPP25/ink/adh/EVOH50 — WVTR 0.258

(4 california
almonds

Almane Baard of Califarnia



Other Shelf Life Impact Factors

e Larger size — area goes up as square, volume as cube - longer
shelf life Note: Bulk packaging does not fit model. It's longer!

 Better barrier usually increases shelf life
 Faster distribution reduces requirement

« Oxidation is a function of history/product handling in addition to
barrier and package size.



Model Capabilities

» Shelf life v. Barrier or Barrier v. Shelf life

* Area/net wt. or Volume v. Shelf life

* Initial or Critical moisture v. Shelf life

* Moisture level v. Storage time

« Shelf life v. Temperature

» Available Shelf life in real world conditions



I Impact of Initial and End Moisture Levels, and Relative Humidity
(Monterey Raw Unpasteurized)

Temp R.H. Mi \Y[ Slope WVTR Oz. days
25 65% 3.5% 6.0% .0942 .88 12 379
25 65% 4.0% 6.0% .0942 .88 12 334
25 65% 4.5% 6.0% .0942 .88 12 283
25 65% 5.0% 6.0% .0942 .88 12 218
25 65% 5.5% 6.0% .0942 .88 12 133
25 65% 5.0% 5.5% .0942 .88 12 85
25 65% 5.0% 6.5% .0942 .88 12 556
25 65% 5.0% 7.0% .0942 .88 12 years
25 65% 5.0% 6.0% .0942 .88 24 310
25 65% 5.0% 6.0% .0942 44 12 437
25 70% 5.0% 6.0% .0942 .88 12 150
25 75% 5.0% 6.0% .0942 .88 12 116
25 65% 5.0% 6.0% .1880 .88 12 188




Shelf Life Verify

« Shipping tests
e Storage tests

» Accelerated tests
— Temperature
—Permeability

* Models can improve choices for testing



“Proposal” System

» Products Released On Properties Obviously Selected for
Additional Life

* Record temperature/RH in real time

« Use information to calculate available shelf life remaining
« Ship on the basis of shortest available shelf life

* For normal shipments - this defaults to FIFO

* For abused shipments, it would add profits



Contact Information
Kenneth S. Marsh, Ph.D., CPP, CFS

Kenneth S. Marsh & Associates, Ltd.
Consultants on Packaging, Protection, Shelf
Life & International trade

&

Woodstock Institute for Science in Service to
Humanity (WISSH for Global Food Security)

Ken@drkenmarsh.com
www.drkenmarsh.com WWW.Wissh.org
Phone: 1-864-888-0011

130 Cane Creek Harbor Road

Seneca, SC 29672 USA

af Califarnin
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I What's Next

Almond Stage Presentation at 3:00 p.m.

* How Important is the Quality of Data from In-Field ’;ﬂ Semios
Sensors in Making Accurate Navel Orangeworm
Treatment Decisions in Almonds?, presented by Semios

COLDWELL

Fower Ahead

The Almond Conference

Almond Stage Presentation at 3:30 p.m.
» Navigate Your Utility Bill, presented by Coldwell Solar

3:00 p.m. — 5:00 p.m. Coffee Break is sponsored by
Actagro stdCF‘%




ALMOND ALLIANCE OF CALRNIA — GENERAL MEETING @ i ‘1-
call ornl
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