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I. Important Organic Compound

« Four major groups:
— Nucleic acids
— Proteins
— Lipids
— Carbohydrates
* Another important group are
— phenolic

Introduction & Measurement
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Nucleic Acids

Phosphorus

Carbon in

Genetic information=Polymers of ”»” .
nucleotides. J Hydrogen _ G

— RNA — ribonucleotide polymer. 4 e,

— DNA — deoxyribonucleotides.
Nucleotide=sugar+phosphate+base

— Sugar=ribose.

— Base=Adenine, Thymine, Guanine, Cytosine.

20034:10)123H

20034:10)123H



Amino Acids & Proteins

Comprise up to ~30% of plant DW.

Some seeds may have as much as 40%
DW protein — storage.

Proteins — comprised of chains of amino
acids linked by peptide bonds.

Proteins — important biological polymers
— Enzymes

— Structural components

— Storage proteins

2003410 H23H

Protein structure

e Tertiary Structure
— Three dimensional
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Processed &
Transported

Cytosol
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Protein structure
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Protein structure

 Quaternary structure

— Two or more
polypeptides that
combine to form
complexes.

(b o Subunits
2 \
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Lipids
Main membrane constituent.

Long term energy storage.

— Can be converted to carbohydrates in plants
via the glyoxylate cycles.

Insoluble in water.
Structural components — cuticle.
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Carbohydrates

* General formula
Hydrophilic - (CH,0),
“heads” * Primary energy storage compounds

Hydrophobic — Short term storage — sugars
fa:rty acid “tails” — Intermediate term storage - starch

e » Also important structural component
Hydrophilic ) :
“heads” — e.g. cell walls: cellulose, hemicellulose, & pectin.

 Direct products of photosynthesis
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Cellulose (B1-4)

Carbohydrates
CH,0H
O Monosaccharides:

— E.g. Glucose & Fructose
Disaccharides = 2 monosaccharides:
— E.g. Sucrose (glucose + fructose).
Polysaccharides:
— Starch — made of many glucoses (o linked)
— Cellulose — made only of glucose (f linked)

e Sweetness: Fructose > Sucrose > Glucose.

20034:10)123 1 20034:10)123

Phenolic Compounds Carbon Metabolism

General classes:  Carbon cycles though photosynthesis
— Lignin, tannins, flavonoids, coumarins, etc. and respiration.  Energy (ight)

Most formed from phenylalanine.

) ) Photosynthesis
Important impacts on produce quality: m
— Lignin (texture)
. . 0, Carbohydrates
— Browning reactions (color)
— Astringency (taste) %
— Phytoalexins (defense) Respnatlou

Energy (ATP]

2003410123
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Respiration
Sugar + O, =>

CO, + Water

FIRERBRASEFHRY, XEESHTHN
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m Meaning of Respiration
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Adenosine Triphosphate (ATP)

» Adenosine triphosphate (-P-P-P).
— Energy is stored in each P bond.

« Intermediate energy molecules —
analogous to rechargeable batteries.
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m Meaning of Respiration
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Use of Energy

» During carbohydrate oxidation (respiration),
ATP & heat are produced.

— ATP molecules are intermediate energy
molecules that are easily transported within a
cell to sites of action.

— At sites of action, ATP is coupled to different
processes to “power” them.

— Energy not captured as ATP or not completely
used in a process is lost as heat.
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Adenine NH»>
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Purvis etjal., 2001, ysed with pepmission Ribose
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Respiration & Heat

« First Law of Thermodynamics:
— Energy can not be created or destroyed.

— Thus, total energy at the beginning of a
reaction must equal energy at the end.

Respiration & Heat

» Respiration creates 38 ATP per glucose
molecule, but 674 kcal total energy.
—1 ATP= ~7.3 kcal

— 7.3 kcal * 38 ATP=277 kcal

— 674kcal — 263 kcal = 397 kcal lost as heat

If not removed, lost energy will raise the
cell /tissue temperature.

— Heat pumps (refrigeration) move heat from
one place to another.

2003410 H23H

2003410 H23H

Thermodynamics — 2"9 [aw Thermodynamics — 2"9 [aw

Entropy (disorder) of a system will always
increase with time.

Biological systems are very ordered (low entropy)

and maintain their order by making their
environment more disordered.

— Organisms expend energy to counteract the natural
tendency to disorganize.

* When commodities are detached from the
plant, they are severed from their food

(energy) supply must live on what they
have stored.

— Without a constant energy supply, organisms would
disorganize and die.

— Living organisms are never at equilibrium.
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Types of Respiration

Respiration Overview

« Aerobic respiration s & FFIL * Respiration is composed of three parts:

« Anaerobic respirationJt 42 I — Glycolysis Hifi#f#— located in the cytoplasm.

« Cyanide resistant pathway#i &0 % SINEDSCIClE fi5 ¥~ located in the
mitochondria matrix.

— Electron Transport System (ETS) H, 7141
12— located on the inner mitochondria
membrane.

» Central to overall cell metabolism and
synthesis of important compounds.

20034:10)123H
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Respiration Analogy

* Fuel

— E.qg. starch, glucose, fructose, and sometimes
amino acids, organic acids or fats.
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Respiration Analogy

Processing (Glycolysis)
— Occurs in the cytoplasm.

— Turns the fuel into pyruvate.

 This is transported to the mitochondria and
converted into acetyl CoA (a 2-carbon molecule).

— Also produces a little ATP.
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Respiration Analogy

» Furnace & Turbines (Krebs or TCA cycle)

— Occurs in the mitochondria (powerhouses of
the cell).

— Produces compounds (e.g. NADH) that will be
used to make ATP.

— Produces a little ATP directly.
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Respiration Analogy
e Generator (Electron Transport System or

ETS)

— ETS is located on the mitochondrion inner
membrane.

— Products from the Krebs cycle are used to
make ATP.
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Aerobic Respiration
SRR
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Anaerobic Respiration

» Anaerobic respiration = without O,.
— Also called fermentation.
» Without O,, normal ETS cannot function
and the pathways backs up (to pyruvate).
 Glycolysis can still function.

— Pyruvate is shunted off to make Ethanol or
Lactic Acid.

e Only 2 ATP formed per glucose.
— Compared to 36 in aerobic respiration.
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Anaerobic Respiration

CH,COCOOH — CH,CHO+CO,

CHCHO+2NADH+H* — CH,CH,OH+
2NAD*

Energy: 87.9kJ(21kcal)
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Cyanide Resistant Pathway

Many plant tissues have a cyanide

resistant pathway (or alternative oxidase

pathway).

— Produces only ~ 1/3 the ATP of the normal
pathway (complexes 3 & 4 are bypassed).

— The loss in efficiency results in much greater
heat production.

— In arum spadices, the cyanide resistant
pathway increases tissue temperature up to
10C.
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Cyanide Resistant Pathway
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Respiratory rate
Respiratory intensity

* Units:
— CO, mg/kg.hr
— O, mg/kg.hr

» Concept:

2003410 H23H

Measuring Respiration

» Measure loss of substrates, or appearance
of products.
— Loss of carbohydrates (dry weight).
— Measure of gas exchange

* Loss of oxygen (O,). Ambient concentration =
~21%

» Appearance of carbon dioxide (CO,). Ambient
concentration =~0.03% (increasing).

— Production of heat
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4 Measurement of Gas Exchange

* Static System #E%

» Tissue is placed in a sealed container and
the loss of O, or increase of CO, are
measured.

* Measure over brief
periods so that CO,
does not accumulate
above 0.2% (can inhibit
respiration).

Respiratory rate
Respiratory intensity

>
—
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DIV Weight Loss

Respiration Rate
Rate of Dry Wt. Loss — _(mg CO,/kg-hr) 180
(e/kg-hr) 1000 mg/g 264
(0)28

% of Dry Wi, Lossperhr, = SespiationRate o o0 15

(mg CO,/kg-hr)

« E.g. Onions held at 30C (respiration = 35 mg
CO,/kg-hr)
will loose 1.72% dry wt. per month (30 d).

“Measurement of Gas Exchange

* Static System  mws

» Easy to use and does not depend on a
flow rate. However, any leaks (even
small ones) will result in large errors.

10



€ Measurement of Gas Exchange

» Flow-Through System. <#%
* Tissue is placed in a container and a flow of
known gasses (often air) are passed through.

Heat Production

* Newer, more sensitive & precise
equipment now allows respiration via this
technique.

* Knowledge of respiration rates help
refrigeration engineers construct cooling &
cold storage facilities.

— Respiration rate of 1 mg CO,/kg.hr = 220
BTU per tonne of produce /day.

— 1 BTU= heat required to raise 1 Ib of water 1
F
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€ Measurement of Gas Exchange

» Flow-Through System. <%

* O, uptake and CO, production is calculated
by measuring the concentration differences
between the inlet and outlet & knowing the
gas flow rate.

= Small leaks are not critical and gas
concentrations are not altered far from
ambient. However, it is more involved to set

up.

20%NaOH
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Respiration
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JURIBRSEEL . B Sopf PR 2 L 48 (CO,m g /kg .h)
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Respiratory Heat
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U EREEAE0 C~2 C BB IE 3R (CO,markg.h)

s s
Rk & 18.8
BMEX I 5.0
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b =TS o 1.7-8.4
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33 3 2.4~4.8
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Respiratory Heat
SR
° *EEI/—\'S

- REMFRIERS, §—0EEUARMEEE T
R, XFNRER A A B FRIT IR

— CyHp,04+60,~6C0O,+6H,0+674kcal (2,821,3643)

— HH138ATP—304kcal, HEAIH; KA 369kcal i
KRB R ABFRES, BHETATPHEAESH
g FE, BAEEURBERNBABBHR. I
BL, 674kcalB&#SLIMER BB R,
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Respiratory Heat
&L

AR FE BT SR AR 2

CoH,,05+60,~6C0,+6H,0+674kcal (2,821,3643)
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Respiratory Heat Respiratory Heat
FEIR B TR o IFRATEAR:

— IR (cal/kg.hr)=2.553 X FRIE 5%
(mgCO,/kg/hr)

CgHy,04+60,~6CO,+6H,0+674kcal

— IR 15— A AT /R (X 24

— 5Hf#1mol CgH,,04, F=4E6mol CO,M674kcal hr X 1000)

fEE; 6molCO,MERN: 6X44=264g

— Bj=4E264g CO, ] i 674kcal HuE:

— Fe4E1gCO,, NIFE4674--264=2.553kcal ik
E=N
H

— PR (R PP
(CO,mg/kg/hr) X61.272
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Respiratory Heat _ Respiratory Heat
n?l:&u\\ n?l:&u\\

o BRUR HGE T B B.tu, (3 E B LT PIB.t.u. A B ) — e B PR i
British Thermal Unit) 7, 14B.t.u.Z (B.t.u/R.M, 15-15.6T)

g H FHE (F) 4600~5100
3’51%?*%@1 i L 3FH.  3000~6800

2800~5200

\ : 8300~15100
— % By (B.tud Wi/ KD =R GR E (ng 2600~2800

CO,/kg.hr) X 220 (Zt) ;gzy, 2900~4000

BEFL, 3300~13200
k: 7300~9300
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Example of Respiratory heat
calculation

Climacteric vs. Non-Climacteric

g%gﬁ%ﬁf“ eI ’ﬁ%ﬁigngcozwﬁﬁi « Climacteric Fruit.
10.7J(2.553cal), #H4, _ i s 5
g o R Have 2 peing s (o9 cfen, bcome

M #=10.7 X 24X 1000=256.8kJ ) v
— Have increased respiration & ethylene

H EIIRERNRE B BURI=15mg/kg.hr, %7 production during ripening.

mm Al H = AR ) PP M R 256.8 X 15= Non-Climacteric Fruit.
;?;:Zflfﬂg?w{%ﬁﬁgﬁgn Eiﬁtmﬁﬁ:éﬁgﬂgﬂg — Do not go through a “ripening phase”.
3852+ (3.77X1000) =1.02C.
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Phases of the Climacteric

1) The preclimacteric minimum

2) The climacteric rise
3) The climacteric peak
4) The postclimacteric phase
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Climacteric vs. Non-Climacteric
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CO,

Climacteric

C,H, Non-Climacteric

LT DX 3 R AR 7Y
IRSEAMIRERAZ Y

527

Ethylene Production

Climacteric Non-Climacteric

* Apple

* Apricot

» Avocado

* Banana

» Breadfruit
» Carnation

¢ Cherimoya
* Feijoa

* Fig

* Guava

o Jackfruit

o Kiwifruit

* Mango

* Muskmelon
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Breastewtt

[ S———— e

TCLMACTERIC FRUIT

* Nectarine
* Papaya
» Passion

Fruit

* Peach

e Pear

* Persimmon
e Plum

e Quince

* Rambutan
* Sapodilla

* Sapote

* Soursop

e Tomato

Tomats

=}

TIME UNITS
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—% 4 6 € 10 12 19 168

* Blueberry
* Cacao

« Carambola
« Cherry

¢ Cucumber
* Grape

* Grapefruit
* Lemon

« Lime

* Longan

* Loguat

* Lychee

* Olive

* Orange

* Pepper

* Pineapple

* Pomegranate
« Strawberry

* Tamarillo

ml 0; OR £O, /WG~ HA

NONCLIMACTERIC FRUIT

STRAWBERAY
=

2 3 4 3
TIME unITS

&

R T

Climacteric vs. Non-Climacteric

o Tl RY BLER 5 3 R e 7Y B 1) X 5l
1 AR B BN R
2 NRZHRI=E
3 FFHNE 4 R B S 5
4 FFHNR W R E B SN 5
5 REIRRZ R T IEE ;
6 NiIEZHHE=.
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Temperature Coefficient (Q;p)

R,=rate of reaction at temperature 1 (T,)
R,=rate of reaction at temperature 2 (T,)
Temperatures are in °C

With a 10 °C Change in temperature =>

2003410 H23H

Temperature effects on shelf-life

Temperature
°C(F
0(32)
10(41)
20(68)
30(86)
40(104)
e.g. grapes at
2003710/12332 -C for 1 h = 1day at 4 °C =1 week at 0 °C

Example of Calculating the Q;,

» How much additional shelf life would a
packinghouse manager expect if they
held fruit at 10 °C compared to 30 °C?

* Firest, determine Q,, between 10 & 20
°C, and between 20 & 30 °C.

10
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Typical Q,, Values

Temperature Range

o Q
( C) 10
0-10 2.5-4.0
10-20 2.0-2.5
20-30 1.5-2.0

30-40 1.0-15
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Example of Calculating the Q;,

» Say there is a new variety of Grapefruit.
» Researchers have determined the following
respiration rates at different temperatures:
— 5mg CO,/kg.hr at 0 °C
— 10 mg CO,/kg.hr at 5 °C
— 15 mg CO,/kg.hr at 10 °C
— 30 mg CO,/kg.hr at 20 °C
— 45 mg CO,/kg.hr at 30 °C
— 55 mg CO,/kg.hr at 35 °C

20034:10)123

Temperature Coefficient (Q,)

R

\)If TZ-T,—lo\

0

10
[Rj T:—ii]

Then
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Example of Calculating the Q,,

* First, determin Q,, between 10 & 20
C.
— 15 mg CO,/kg.hr =R;
-10C=T, On=
— 30 mg CO,/kg.hr =R,
-20C=T,

fw i)

15

s
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Calculated Q,, Values for the new grapefruit
variety.

Temperature Range (°C)
0-10
10-20

20-30

20034:10)123 1

JUH e SR i 52 7 2 [k B2 Vs T Y 55 2%

0.5~10C | 10~-24TC 0.5~10C | 10~-24TC

35 2.5 3.3 1.9
3.9 2.0 1.6 2.0
5.1 2.5 2.0 2.3
3.2 2.6 42 e
ST 2.8 3.2 2.1 2.2

-
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Example of Calculating the Q,,

» Determin Q,, between 20 & 30 C.
— 30 mg CO,/kg.hr =R; .
-20C=T, 45 31}:0]
— 45 mg CO,/kg.hr =R, b =|—
-30C=T, (30

2003410 H23H

Temperature effects on shelf-life

Temperature
(®)

Thus, 1 day at 30C = 3days at 10C =9 days at 0C
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Protective action of respiration
IR AR F B AR AE
® *E/Ef‘i’\\:
- Y RBEANMZEHNERZERGSZEFEME
YIRLET, THEERAENR, LURIISE. XK
R FR A VIR AE AR B4R TS s

ﬂ
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Respiration
Internal & Environmental
Factors

Internal Factors

Genotype of a commodity.

Type of plant part.

Stage of development at harvest.
Respiratory substrate

Preharvest factors

20034:10)123H
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Factors Affecting Respoiration
Rate

» Respiration is tied to many metabolic
process within a cell
e Thus:

— It is an accurate indicator of the general
metabolic state of a cell.

— The rate of respiration is influenced by many
internal and external factors that affect
general metabolism.
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Internal Factors

» Genotype of a commodity.
— Between different commodities and within
different cultivars of a single species.
» Type of plant part.

— E.g. storage organs (potato) have low rates
while developing meristems (broccoli) have
high rates.

20034:10)123H
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(mg CO,/kg-hr)
at 5°C (41°F) Commodities
<5 Dates, dried fruits and vegetables, nuts
5-10 Apple, beet, celery, citrus fruits, cranberry, garlic,
grape, honeydew melon, kiwifruit, onion, papaya,
persimmon, pineapple, potato (mature), sweet
potato, watermelon
Moderate Apricot, banana, blueberry, cabbage, cantaloupe,
carrot (topped), celenac, cherry, cucumber, fig,

gooseberry, lettuce (head), mango, nectarine, olive,

peach, pear, plum, potato (immature), radish
topped), summer squash, tomato

High 20-40 Avocado, blackberry, carrot (with tops), cauliflower,
leeks, lettuce (leaf), lima bean, radish (with tops),
raspberry

Very High 40 - 60 Artichoke, bean sprouts, broccoli, Brussels sprouts,
cut flowers, endive, green onions, kale, okra, snap
bean, watercress

Extremely Asparagus, mushroom, parsley, peas, spinach,

High sweet corn

Internal Factors

» Respiratory Substrate — carbohydrates,
lipids and organic acids.

Respiratory quotient (RQ)= CO, evolved .
O, consumed

* RQ range from 0.7 to 1.3 for aerobic (with O,)
respiration.
* RQ is much greater if tissue goes into anaerobic

(without O,) respiration.
20034:10/]23H

Internal Factors

» Preharvest factors such as:
—Climate and weather patterns.
» Temperature
* Humidity
» Wind
* Light intensity, etc.

20034:10)123H

Internal Factors

» Stages of development at harvest.

— Maturing plant organs usually have declining
respiration rates.

— Exception = Climacteric Fruits.

» These undergo a large, transitory, increase in
respiration and ethylene production during the
climacteric.

« This transitory respiratory increase may be higher
than more immature tissue.

2003410 H23H

Internal Factors

Respiratory quotient (RQ) when using
different substrates.

—Carbohydrates: RQ=1
—Lipids: RQ<1
—Organic Acids: RQ>1

20034:10)123

Internal Factors

Preharvest factors such as:

— Plant nutrition (e.g. nitrogen & calcium).
—Water supply.

—Pruning, training and thinning.

—Insect & Pathogen pressures.

20034:10)123H
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Environmental Factors

Temperature > Other plant growth
Atmospheric regulators
composition Radiation

— Oxygen concentration> « Light
—Garboduces Chemical stress

concentration >
— Ethylene > Water stress

— Humidity -
Physical stresses >
Pathogen attack
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Environmental Factors

Temperature

e Temperature is the most important factor
influencing postharvest life of a given
commodity.

— Dictates the speed of chemical reactions
(including respiration).

 Typically, for every 18 F (10 C) increase,
respiration increases between 2 and 3 fold
(Van't Hoff Rule)
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Low Temperature Injury

Freezing will kill the tissue.

Chilling sensitive commodities.

— Q1 is usually much higher at chilling
temperatures. In some commodities,
respiration may increase at the lowest chilling
temperatures.

— Upon return to non-chilling temperatures,
respiration becomes abnormally high and may
remain high.
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Respiration and Shelf Life
» Respiration rate is inversely related to
shelf life
Higher respiration
==> Shorter Shelf Life
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 Affect of temperature on the quality of broccoli
after just 48h of storage at either room
temperature (75 F) or in the refrigerator (40 F)
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High Temperature Injury

» Respiration increase as temperature
increases to a point.

— Above that point (tissue & commodity specific)
protein denatures and respiration declines
rapidly.

» Time x Temperature component to thermal
cell death.

— Cells can survive short periods at high
temperatures (used for some quarantine
treatments).
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High Temperature Injury

» Heat shock (brief exposure to high, non-
lethal temperatures( induce the production
of heat-shock proteins that can protect
cells from subsequent high or low
temperature stress.
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Atmospheric Concentration
Oxygen

» Low O, concentrations reduce respiration.
— Below ~2-3%0,, ETS starts to be inhibited.
If metabolic (ATP) demand is higher than
inhibited Krebs cycle and ETS can supply,
anaerobic respiration will attempt to satisfy ATP
demand.

— Anaerobic respiration only produces 2 ATP per
glucose vs. 38 ATP under aerobic respiration = 19

fold greater ATP production under aerobic conditions.

— CO, production is 6.3 fold faster (2 vs. 6 per glucose
molecule)
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Temperature

« What temperature is the proper storage
temperature or Optimum storage
temperature for fruits and vegetables?
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Atmospheric Concentration
Carbon Dioxide

» High CO, also reduced respiration.

— Probably by inhibiting decarboxylation during aerobic
respiration.

Different commodities vary widely to their ability
to tolerate high CO, (e.qg. lettuce vs.
strawberries).
As with low O, inhibition, if metabolic (ATP)
demand is higher than inhibited Krebs cycle and
ETS can supply, anaerobic respiration will
attempt to satisfy ATP demand.
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Atmospheric Concentration
Ethylene

Climacteric & Non-Climacteric fruits differ
in their response to ethylene in the
environment.

Climacteric fruit:

— Ethylene reduces the time to onset of the
climacteric rise (including autocatalytic
ethylene production).

— Concentration of added ethylene has little

effect on respiration rate before or during the
climacteric.

2003410 H23H

Humidity
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Atmospheric Concentration
Ethylene

» Non-Climacteric fruit:
— Added ethylene induces a rise in respiration.

— Exposure to greater ethylene concentrations do not
change how fast maximum respiration rates are
obtained.

— Exposure to greater ethylene concentrations elicit
greater rates of respiration.

— Does not induce autocatalytic ethylene production.

— Respiration rates return to normal after ethylene is
removed.
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Physical Stress

* Any type of physical
stress can cause
respiration and ethylene
production to rise quickly
in both climacteric and
non-climacteric
commodities.

20034:10)123H

21



RESEHE
M61cm#FA
122cmAlb B
PR
fE MR 58
BT

2003410 H23H

RERSRAFRETN T (%)

s
(=1

1 B

7,16.16.27.7 797,

6 7.6

1 2 3 ] 5

YD)

6

Environmental Factors

Other plant growth
regulators

Temperature
Atmospheric
composition Radiation

— Oxygen concentration e Light

—Garbo s Chemical stress

concentration
— Ethylene Water stress

— Humidity
Physical stresses

Pathogen attack _
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