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Some Questions 1Some Questions 1

•• 果蔬采前与采后代谢有何差异？果蔬采前与采后代谢有何差异？

•• 呼吸的本质是什么？呼吸的本质是什么？

•• 呼吸有何意义？呼吸有何意义？

•• 呼吸可分哪些类型？各有何特点？呼吸可分哪些类型？各有何特点？

•• 如何衡量呼吸的强弱？如何衡量呼吸的强弱？

•• 如何测定果蔬的呼吸强度？如何测定果蔬的呼吸强度？

•• 测定果蔬的呼吸强度有何意义？测定果蔬的呼吸强度有何意义？
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Some Questions 2Some Questions 2

•• 呼吸跃变指什么？呼吸跃变指什么？

•• 如何区分跃变型果蔬与非跃变型果蔬？如何区分跃变型果蔬与非跃变型果蔬？

•• 呼吸热指什么，如何计算？呼吸热指什么，如何计算？

•• 呼吸商指什么？有何意义？呼吸商指什么？有何意义？

•• 呼吸的温度系数指什么？呼吸的温度系数指什么？

•• 呼吸作用的保护作用指什么？呼吸作用的保护作用指什么？

•• 影响果蔬呼吸作用的因素有哪些？影响果蔬呼吸作用的因素有哪些？

•• 内因内因，，外因外因
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果蔬采后的代谢与采前相
比，有何差异？

Metabolism difference
Preharvest Postharvest

What?
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Nutrient supplyNutrient supply

Water SupplyWater Supply
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Nutrient supplyNutrient supplyNutrient supply

水分供应水分供应水分供应
呼吸

Respiration
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养分供应养分供应

Water SupplyWater Supply

蒸腾蒸腾
TranspirationTranspiration
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•• 果蔬采后仍是活的有机体果蔬采后仍是活的有机体 Still Alive!Still Alive!
•• 采后无水分、养分供应采后无水分、养分供应 No Water, Nutrient No Water, Nutrient 

supplysupply
•• 呼吸是主要的生理代谢呼吸是主要的生理代谢 RespirationRespiration
•• 呼吸消耗影响果蔬的贮藏寿命与商品价值呼吸消耗影响果蔬的贮藏寿命与商品价值 Affect Affect 

Storage life and Commercial valueStorage life and Commercial value
•• 贮藏保鲜的基本任务贮藏保鲜的基本任务 essence task of storageessence task of storage

Introduction & MeasurementIntroduction & Measurement
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I. Important Organic CompoundI. Important Organic Compound

•• Four major groups:Four major groups:
–– Nucleic acidsNucleic acids
–– ProteinsProteins
–– LipidsLipids
–– CarbohydratesCarbohydrates

•• Another important group are Another important group are 
–– phenolicphenolic

2003年10月23日 11

Nucleic AcidsNucleic Acids

•• Genetic information=Polymers of Genetic information=Polymers of 
nucleotides.nucleotides.
–– RNA RNA –– ribonucleotideribonucleotide polymer.polymer.
–– DNA DNA –– deoxyribonucleotidesdeoxyribonucleotides..

•• Nucleotide=Nucleotide=sugar+phosphate+basesugar+phosphate+base
–– Sugar=ribose.Sugar=ribose.
–– Base=Adenine, Thymine, Guanine, Cytosine.Base=Adenine, Thymine, Guanine, Cytosine.

2003年10月23日 12
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Amino Acids & ProteinsAmino Acids & Proteins

•• Comprise up to ~30% of plant DW.Comprise up to ~30% of plant DW.
•• Some seeds may have as much as 40% Some seeds may have as much as 40% 

DW protein DW protein –– storage.storage.
•• Proteins Proteins –– comprised of chains of amino comprised of chains of amino 

acids linked by peptide bonds.acids linked by peptide bonds.
•• Proteins Proteins –– important biological polymersimportant biological polymers

–– EnzymesEnzymes
–– Structural componentsStructural components
–– Storage proteinsStorage proteins
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Protein structureProtein structure
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Protein structureProtein structure
•• Tertiary StructureTertiary Structure

–– Three dimensionalThree dimensional
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Protein structureProtein structure
•• Quaternary structureQuaternary structure

–– Two or more Two or more 
polypeptides that polypeptides that 
combine to form combine to form 
complexes.complexes.
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NucleusNucleus

mRNAmRNA
Processed & Processed & 
TransportedTransported

CytosolCytosol
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LipidsLipids

•• Main membrane constituent.Main membrane constituent.
•• Long term energy storage.Long term energy storage.

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

•• Insoluble in water.Insoluble in water.
•• Structural components Structural components –– cuticle.cuticle.
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CarbohydratesCarbohydrates

•• General formulaGeneral formula
–– (CH(CH22O)O)nn

•• Primary energy storage compoundsPrimary energy storage compounds
–– Short term storage Short term storage –– sugarssugars
–– Intermediate term storage Intermediate term storage -- starchstarch

•• Also important structural componentAlso important structural component
–– e.g. cell walls: cellulose, hemicellulose, & pectin.e.g. cell walls: cellulose, hemicellulose, & pectin.

•• Direct products of photosynthesisDirect products of photosynthesis

2003年10月23日 21

Cellulose (Cellulose (ββ11--4)4)

Starch (Starch (αα11--4)4)
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CarbohydratesCarbohydrates

•• MonosaccharidesMonosaccharides::
–– E.g. Glucose & FructoseE.g. Glucose & Fructose

•• Disaccharides = 2 Disaccharides = 2 monosaccharidesmonosaccharides::
–– E.g. Sucrose (glucose + fructose).E.g. Sucrose (glucose + fructose).

•• Polysaccharides:Polysaccharides:
–– Starch Starch –– made of many glucoses (made of many glucoses (αα linked)linked)
–– Cellulose Cellulose –– made only of glucose (made only of glucose (ββ linked)linked)

•• Sweetness: Fructose > Sucrose > Glucose.Sweetness: Fructose > Sucrose > Glucose.
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Phenolic CompoundsPhenolic Compounds

•• General classes:General classes:
–– Lignin, tannins, Lignin, tannins, flavonoidsflavonoids, , coumarinscoumarins, etc., etc.

•• Most formed from phenylalanine.Most formed from phenylalanine.
•• Important impacts on produce quality:Important impacts on produce quality:

–– Lignin (texture)Lignin (texture)
–– Browning reactions (color)Browning reactions (color)
–– Astringency (taste)Astringency (taste)
–– PhytoalexinsPhytoalexins (defense)(defense)
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Carbon MetabolismCarbon Metabolism
•• Carbon cycles though photosynthesis Carbon cycles though photosynthesis 
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RespirationRespiration

呼吸作用既是本身生存的表现，又是自身消亡的动力呼吸作用既是本身生存的表现，又是自身消亡的动力
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•• ①① 呼吸作用将光能以物质化学能形式贮存呼吸作用将光能以物质化学能形式贮存
的能量释放出来，形成的能量释放出来，形成ATPATP，，供各种生理活供各种生理活
动之需。另外，伴随呼吸过程产生的还原动之需。另外，伴随呼吸过程产生的还原
型辅酶（型辅酶（NADHNADH和和NADPHNADPH））可供生物体内其它可供生物体内其它
还原反应所利用。还原反应所利用。

Meaning of RespirationMeaning of Respiration
呼吸的意义呼吸的意义
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•• ②② 有机物分解过程中产生的各种代谢中间有机物分解过程中产生的各种代谢中间
产物，可做构成植物体的材料，也为其它产物，可做构成植物体的材料，也为其它
合成反应提供原料物质。合成反应提供原料物质。

•• ③③ 呼吸作用具有保护作用。呼吸作用具有保护作用。

Meaning of RespirationMeaning of Respiration
呼吸的意义呼吸的意义
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Use of EnergyUse of Energy

•• During carbohydrate oxidation (respiration), During carbohydrate oxidation (respiration), 
ATP & heat are produced.ATP & heat are produced.
–– ATP molecules are intermediate energy ATP molecules are intermediate energy 

moleculesmolecules that are easily that are easily transportedtransported within a within a 
cell to sites of action.cell to sites of action.

–– At sites of action, At sites of action, ATP is coupledATP is coupled to different to different 
processes to processes to ““powerpower”” them.them.

–– Energy not captured as ATP or not completely Energy not captured as ATP or not completely 
used in a process is used in a process is lost as heatlost as heat..
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Adenosine Adenosine TriphosphateTriphosphate (ATP)(ATP)

•• Adenosine Adenosine triphosphatetriphosphate ((--PP--PP--P).P).
–– Energy is stored in each P bond.Energy is stored in each P bond.

•• Intermediate energy molecules Intermediate energy molecules ––
analogous to rechargeable batteriesanalogous to rechargeable batteries..

2003年10月23日 30
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Respiration & HeatRespiration & Heat

•• First Law of Thermodynamics:First Law of Thermodynamics:
–– Energy can not be created or destroyed.Energy can not be created or destroyed.
–– Thus, total energy at the beginning of a Thus, total energy at the beginning of a 

reaction must equal energy at the end.reaction must equal energy at the end.
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Respiration & HeatRespiration & Heat

•• Respiration creates Respiration creates 38 ATP38 ATP per glucose per glucose 
molecule, but molecule, but 674 kcal total energy674 kcal total energy..
–– 1 ATP= ~7.3 kcal1 ATP= ~7.3 kcal
–– 7.3 kcal * 38 ATP=277 kcal7.3 kcal * 38 ATP=277 kcal
–– 674kcal 674kcal –– 263 kcal = 397 kcal lost as heat263 kcal = 397 kcal lost as heat

•• If not removed, lost energy will raise the If not removed, lost energy will raise the 
cell /tissue temperature.cell /tissue temperature.
–– Heat pumps (refrigeration) move heat from Heat pumps (refrigeration) move heat from 

one place to another.one place to another.
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Thermodynamics Thermodynamics –– 22ndnd lawlaw
•• Entropy (disorder) of a system will always Entropy (disorder) of a system will always 

increase with time.increase with time.
•• Biological systems are very ordered (low entropy) Biological systems are very ordered (low entropy) 

and maintain their order by making their and maintain their order by making their 
environment more disordered.environment more disordered.
–– Organisms expend energy to counteract the natural Organisms expend energy to counteract the natural 

tendency to disorganize.tendency to disorganize.
–– Without a constant energy supply, organisms would Without a constant energy supply, organisms would 

disorganize and die.disorganize and die.
–– Living organisms are never at equilibrium.Living organisms are never at equilibrium.
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Thermodynamics Thermodynamics –– 22ndnd lawlaw

•• When commodities are detached from the When commodities are detached from the 
plant, they are severed from their food plant, they are severed from their food 
(energy) supply must live on what they (energy) supply must live on what they 
have stored.have stored.
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Types of RespirationTypes of Respiration

•• Aerobic respirationAerobic respiration有氧呼吸有氧呼吸

•• Anaerobic respirationAnaerobic respiration无氧呼吸无氧呼吸

•• Cyanide resistant pathwayCyanide resistant pathway抗氰呼吸抗氰呼吸
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Respiration OverviewRespiration Overview

•• Respiration is composed of three parts:Respiration is composed of three parts:
–– GlycolysisGlycolysis 糖酵解糖酵解–– located in the cytoplasm.located in the cytoplasm.
–– Krebs cycleKrebs cycle 三羧酸循环三羧酸循环–– located in the located in the 

mitochondria matrix.mitochondria matrix.
–– Electron Transport System (ETS)Electron Transport System (ETS) 电子传递途电子传递途
径径–– located on the inner mitochondria located on the inner mitochondria 
membrane.membrane.

•• Central to overall cell metabolism and Central to overall cell metabolism and 
synthesis of important compounds.synthesis of important compounds.
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Respiration AnalogyRespiration Analogy

•• FuelFuel
–– E.g. starch, glucose, fructose, and sometimes E.g. starch, glucose, fructose, and sometimes 

amino acids, organic acids or fats.amino acids, organic acids or fats.

2003年10月23日 38
图2-5
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Respiration AnalogyRespiration Analogy

•• Processing (Glycolysis)Processing (Glycolysis)
–– Occurs in the cytoplasm.Occurs in the cytoplasm.

–– Turns the fuel into pyruvate.Turns the fuel into pyruvate.
•• This is transported to the mitochondria and This is transported to the mitochondria and 

converted into acetyl CoA (a 2converted into acetyl CoA (a 2--carbon molecule).carbon molecule).

–– Also produces a little ATP.Also produces a little ATP.
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Respiration AnalogyRespiration Analogy

•• Furnace & Turbines (Krebs or TCA cycle)Furnace & Turbines (Krebs or TCA cycle)
–– Occurs in the mitochondria (powerhouses of Occurs in the mitochondria (powerhouses of 

the cell).the cell).
–– Produces compounds (e.g. NADH) that will be Produces compounds (e.g. NADH) that will be 

used to make ATP.used to make ATP.
–– Produces a little ATP directly.Produces a little ATP directly.

2003年10月23日 42
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TCATCA
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Respiration AnalogyRespiration Analogy

•• GeneratorGenerator (Electron Transport System or (Electron Transport System or 
ETS)ETS)
–– ETS is ETS is located on the mitochondrion inner located on the mitochondrion inner 

membrane.membrane.
–– Products from the Krebs cycle are used to Products from the Krebs cycle are used to 

make ATPmake ATP..

2003年10月23日 46
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Aerobic RespirationAerobic Respiration

总反应式总反应式：：

CC66HH1212OO66+6O+6O22++36ADP36ADP+38H+38H33POPO33--→→6CO6CO22++
36ATP36ATP+6H+6H22O+1.77O+1.77××101066J(423kcal)J(423kcal)
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Anaerobic RespirationAnaerobic Respiration

•• Anaerobic respiration = without OAnaerobic respiration = without O22..
–– Also called fermentation.Also called fermentation.

•• Without OWithout O22, normal ETS cannot function , normal ETS cannot function 
and the pathways backs up (to pyruvate).and the pathways backs up (to pyruvate).

•• Glycolysis can still function.Glycolysis can still function.
–– Pyruvate is shunted off to make Ethanol or Pyruvate is shunted off to make Ethanol or 

Lactic Acid.Lactic Acid.
•• Only 2 ATP formed per glucose.Only 2 ATP formed per glucose.

–– Compared to 36 in aerobic respiration.Compared to 36 in aerobic respiration.
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Anaerobic RespirationAnaerobic Respiration

CHCH33COCOOH  COCOOH  →→ CHCH33CHO+COCHO+CO2  2  
丙酮酸脱羧酶丙酮酸脱羧酶

乙醇脱氢酶乙醇脱氢酶

CHCH33CHO+2NADH+HCHO+2NADH+H+  +  →→ CHCH33CHCH22OH+OH+
2NAD2NAD++

Energy: 87.9kJ(21kcal)Energy: 87.9kJ(21kcal)
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图2-6
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无氧呼吸？无氧呼吸？

Why?Why?
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Cyanide Resistant PathwayCyanide Resistant Pathway

•• Many plant tissues have a cyanide Many plant tissues have a cyanide 
resistant pathway (or alternative resistant pathway (or alternative oxidaseoxidase
pathway).pathway).
–– Produces only ~ 1/3 the ATP of the normal Produces only ~ 1/3 the ATP of the normal 

pathway (complexes 3 & 4 are bypassed).pathway (complexes 3 & 4 are bypassed).
–– The loss in efficiency results in much greater The loss in efficiency results in much greater 

heat production.heat production.
–– In arum In arum spadicesspadices, the cyanide resistant , the cyanide resistant 

pathway increases tissue temperature up to pathway increases tissue temperature up to 
10C.10C.
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•• 氰化物阻遏呼吸链电子的传递，阻断有氧氰化物阻遏呼吸链电子的传递，阻断有氧
呼吸呼吸

NADH NADH →→ FMNFMN→→FeFe--SS→→CoQCoQ→→bb→→GG →→ aa→→aa3 3 →→ OO22

ATP                                     ATP        ATPATP                                     ATP        ATP

Cyanide Resistant PathwayCyanide Resistant Pathway

e-
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Respiratory rateRespiratory rate
Respiratory intensityRespiratory intensity

•• Units:Units:
–– COCO22 mg/mg/kg.hrkg.hr
–– OO22 mg/mg/kg.hrkg.hr

•• Concept:Concept:

2003年10月23日 56

Respiratory rateRespiratory rate
Respiratory intensityRespiratory intensity

How to Measure?How to Measure?

如何测定？如何测定？
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Measuring RespirationMeasuring Respiration

•• Measure loss of substrates, or appearance Measure loss of substrates, or appearance 
of products.of products.
–– Loss of carbohydrates (dry weight).Loss of carbohydrates (dry weight).
–– Measure of gas exchangeMeasure of gas exchange

•• Loss of oxygen (OLoss of oxygen (O22). Ambient concentration = ). Ambient concentration = 
~21%~21%

•• Appearance of carbon dioxideAppearance of carbon dioxide (CO(CO22). Ambient ). Ambient 
concentration =~0.03% (increasing).concentration =~0.03% (increasing).

–– Production of heatProduction of heat

2003年10月23日 58
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静置法
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静置法
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气流法
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气流法
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气流法气流法
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Heat ProductionHeat Production

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

•• Knowledge of respiration rates help Knowledge of respiration rates help 
refrigeration engineers construct cooling & refrigeration engineers construct cooling & 
cold storage facilities.cold storage facilities.
–– Respiration rate of 1 mg CORespiration rate of 1 mg CO22/kg.hr /kg.hr 220 220 

BTU per tonne of produce /day.BTU per tonne of produce /day.
–– 1 BTU= heat required to raise 1 lb of water 1 1 BTU= heat required to raise 1 lb of water 1 

FF
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测定呼吸强度有何意义？测定呼吸强度有何意义？
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RespirationRespiration

•• 意义：意义：

–– 衡量果蔬呼吸作用强弱衡量果蔬呼吸作用强弱

–– 估计果蔬的成熟度估计果蔬的成熟度

–– 估计果蔬产品贮藏潜力估计果蔬产品贮藏潜力
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几种蔬菜在几种蔬菜在00℃℃~2~2℃℃时的呼吸强度时的呼吸强度((COCO22mg/kg.hmg/kg.h))

2.4~4.82.4~4.8洋葱洋葱2020菜豆菜豆

5.45.4胡萝卜胡萝卜1111生菜生菜

1.7~8.41.7~8.4马铃薯马铃薯2121菠菜菠菜

6.06.0甘蓝甘蓝14.714.7**豌豆豌豆

5.05.0甜瓜甜瓜3030甜甜玉米玉米

18.818.8番茄番茄4444石刁柏石刁柏

呼吸强度呼吸强度种类种类呼吸强度呼吸强度种类种类

* 为5℃下的呼吸强度
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几种蔬菜早、晚熟品种呼吸强度比较几种蔬菜早、晚熟品种呼吸强度比较(CO(CO22mg/kg.h)mg/kg.h)

57.657.633.433.424.824.8晚熟晚熟

32.732.716.216.217.417.4早熟早熟

萝卜萝卜洋葱洋葱结球结球甘蓝甘蓝

种种 类类
成熟性成熟性

2003年10月23日 70

Respiratory HeatRespiratory Heat
呼吸热呼吸热

•• 概念：概念：

–– 果蔬呼吸作用中，有一部分能量以热能的形式散发出果蔬呼吸作用中，有一部分能量以热能的形式散发出
来，这种释放出的热量称呼吸热。来，这种释放出的热量称呼吸热。

–– CC66HH1212OO66+6O+6O22→→6CO6CO22+6H+6H22O+674kcalO+674kcal（（2,821,364J2,821,364J））

–– 其中其中38ATP38ATP→→304kcal304kcal，被再利用；，被再利用； 还有还有369kcal369kcal以热以热
的形式散发到周围环境中，贮存于的形式散发到周围环境中，贮存于ATPATP中的热量经其中的热量经其

他途径消耗，最终也是以热量的形式释放出来。他途径消耗，最终也是以热量的形式释放出来。所所
以，以，674kcal674kcal最终都以热量的形式释放出来最终都以热量的形式释放出来。。
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Respiratory HeatRespiratory Heat
呼吸热呼吸热

•• 呼吸热对贮藏的影响：呼吸热对贮藏的影响：

––呼吸热积累呼吸热积累→→温度升高温度升高→→呼吸强度增大呼吸强度增大
→→寿命缩短寿命缩短
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Respiratory HeatRespiratory Heat
呼吸热呼吸热

如何测定或计算呼吸热？如何测定或计算呼吸热如何测定或计算呼吸热？？

CC66HH1212OO66+6O+6O22→→6CO6CO22+6H+6H22O+674kcalO+674kcal（（2,821,364J2,821,364J））
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Respiratory HeatRespiratory Heat
呼吸热呼吸热

•• 呼吸热的计算呼吸热的计算：：

CC66HH1212OO66+6O+6O22→→6CO6CO22+6H+6H22O+674kcalO+674kcal

–– 分解分解1mol C1mol C66HH1212OO66，，产生产生6mol CO6mol CO22和和674kcal674kcal
能量；能量；6molCO6molCO22的重量为：的重量为：66××44=264g44=264g

–– 即即产生产生264g CO264g CO22可放出可放出674kcal674kcal热热量量

–– 产生产生1gCO1gCO22，，则则产生产生674674÷÷264=2.553kcal264=2.553kcal的能的能

量量
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Respiratory HeatRespiratory Heat
呼吸热呼吸热

•• 呼吸热计算公式呼吸热计算公式：：

–– 呼吸热呼吸热(cal/kg.hr)(cal/kg.hr)=2.553=2.553××呼吸强度呼吸强度
(mgCO(mgCO22/kg/hr)/kg/hr)

–– 呼吸热的单位一般都以千卡呼吸热的单位一般都以千卡//吨吨//天计算天计算((×× 24 24 
hrhr××1000)1000)

–– 呼吸热（千卡呼吸热（千卡//吨吨//天）天）==呼吸强度呼吸强度
（（COCO22mg/kg/hrmg/kg/hr））××61.27261.272
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Respiratory HeatRespiratory Heat
呼吸热呼吸热

•• 呼吸热还可用呼吸热还可用 B.t.uB.t.u.. （（ 英国热量单位英国热量单位 , , 
British Thermal UnitBritish Thermal Unit））表示，表示，11个个B.t.u.B.t.u.等等
于将于将11磅水提高磅水提高11°°FF需要的热量。需要的热量。 (1(1磅磅
=454=454克克))

–– 呼 吸 热 （呼 吸 热 （ B.t.u./B.t.u./ 吨吨 // 天 ）天 ） == 呼 吸 强 度呼 吸 强 度 (mg (mg 
COCO22/kg.hr) /kg.hr) ××220 (220 (英制英制))
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Respiratory HeatRespiratory Heat
呼吸热呼吸热

以以B.t.u.B.t.u.为单位的一些果蔬的呼吸热：为单位的一些果蔬的呼吸热：

（（B.t.u/B.t.u/天天..吨，吨，1515--15.615.6℃℃））

香蕉（青）香蕉（青）4600~5100    4600~5100    
苹果：苹果： 3000~6800    3000~6800    
橙：橙： 2800~52002800~5200
杏：杏： 8300~15100    8300~15100    
李：李： 2600~2800    2600~2800    
菠萝：菠萝： 2900~40002900~4000
洋梨：洋梨： 3300~13200   3300~13200   
桃：桃： 7300~9300 7300~9300 
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Example of Respiratory heat Example of Respiratory heat 
calculationcalculation

•• 根据呼吸反应式可知，每释放根据呼吸反应式可知，每释放1mgCO1mgCO22则释放则释放
能量能量10.7J(2.553cal)10.7J(2.553cal)，那么，当，那么，当
RI=1mg/kg.hrRI=1mg/kg.hr时，每吨产品一昼夜放出的呼时，每吨产品一昼夜放出的呼
吸热吸热=10.7=10.7××2424××10001000＝＝256.8kJ256.8kJ

•• 若已测知某种产品的若已测知某种产品的RI=15mg/kg.hrRI=15mg/kg.hr，，则该产则该产
品每吨每日产生的呼吸热应为品每吨每日产生的呼吸热应为256.8256.8××1515＝＝
3852KJ3852KJ。。假若该产品的比热为假若该产品的比热为3.77J/g.3.77J/g.℃℃，，并并
设全部呼吸热无散失，则该产品每吨每天升温设全部呼吸热无散失，则该产品每吨每天升温
38523852÷÷（（3.773.77××10001000））=1.02=1.02℃℃。。
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Climacteric vs. NonClimacteric vs. Non--ClimactericClimacteric

•• Climacteric Fruit.Climacteric Fruit.
–– Have a Have a ““ripening phaseripening phase”” (e.g. soften, become (e.g. soften, become 

sweeter & less acidic).sweeter & less acidic).
–– Have increased respiration & ethylene Have increased respiration & ethylene 

production during ripening.production during ripening.
•• NonNon--Climacteric Fruit.Climacteric Fruit.

–– Do not go through a Do not go through a ““ripening phaseripening phase””..
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Phases of the ClimactericPhases of the Climacteric

1)1) The The preclimactericpreclimacteric minimumminimum
2)2) The climacteric riseThe climacteric rise
3)3) The climacteric peakThe climacteric peak
4)4) The The postclimactericpostclimacteric phasephase
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Climacteric   NonClimacteric   Non--ClimactericClimacteric
•• AppleApple
•• ApricotApricot
•• AvocadoAvocado
•• BananaBanana
•• BreadfruitBreadfruit
•• CarnationCarnation
•• CherimoyaCherimoya
•• FeijoaFeijoa
•• FigFig
•• GuavaGuava
•• JackfruitJackfruit
•• KiwifruitKiwifruit
•• MangoMango
•• MuskmelonMuskmelon

•• NectarineNectarine
•• PapayaPapaya
•• Passion Passion 

FruitFruit
•• PeachPeach
•• PearPear
•• PersimmonPersimmon
•• PlumPlum
•• QuinceQuince
•• RambutanRambutan
•• SapodillaSapodilla
•• SapoteSapote
•• SoursopSoursop
•• TomatoTomato

•• BlueberryBlueberry
•• CacaoCacao
•• CarambolaCarambola
•• CherryCherry
•• CucumberCucumber
•• GrapeGrape
•• GrapefruitGrapefruit
•• LemonLemon
•• LimeLime
•• LonganLongan
•• LoquatLoquat
•• LycheeLychee
•• OliveOlive

•• OrangeOrange
•• PepperPepper
•• PineapplePineapple
•• PomegranatePomegranate
•• StrawberryStrawberry
•• TamarilloTamarillo
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Climacteric vs. NonClimacteric vs. Non--ClimactericClimacteric

2003年10月23日 82

2003年10月23日 83

如何区分跃变型如何区分跃变型
果实和非跃变型果实和非跃变型

果实？果实？
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Climacteric vs. NonClimacteric vs. Non--ClimactericClimacteric

•• 高峰型果蔬与非高峰型果蔬的区别高峰型果蔬与非高峰型果蔬的区别：：

1 1 成熟时是否出现呼吸跃变；成熟时是否出现呼吸跃变；

2 2 内源乙烯的产生；内源乙烯的产生；

3 3 对外源乙烯刺激的反应；对外源乙烯刺激的反应；

4 4 对外源乙烯浓度的反应；对外源乙烯浓度的反应；

5 5 呼吸速率的变化幅度；呼吸速率的变化幅度；

6 6 内源乙烯的含量。内源乙烯的含量。
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Temperature Coefficient (QTemperature Coefficient (Q1010))

RR11=rate of reaction at temperature 1 (T=rate of reaction at temperature 1 (T11))
RR22=rate of reaction at temperature 2 (T=rate of reaction at temperature 2 (T22))
Temperatures are in Temperatures are in °°CC
With a 10 With a 10 °°C Change in temperature =>C Change in temperature =>

⎟
⎠
⎞

⎜
⎝
⎛

−
⎟
⎠
⎞

⎜
⎝
⎛=

12

10

1

210
TT

R
RQ

1

210
R
RQ =
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Typical QTypical Q1010 ValuesValues

1.01.0--1.51.53030--4040

1.51.5--2.02.02020--3030

2.02.0--2.52.51010--2020

2.52.5--4.04.000--1010

QQ1010
Temperature Range Temperature Range 

((°°C)C)
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Temperature effects on shelfTemperature effects on shelf--lifelife

4422.522.51.51.540(104)40(104)

7715152230(86)30(86)

13137.57.52.52.520(68)20(68)

3333333310(41)10(41)

100100110(32)0(32)

ShelfShelf--lifelifeDeteriorationDeteriorationQQ1010
Temperature Temperature 
°°C (C (°° F)F)

e.g. grapes at

32 °°C for 1 h = 1day at 4 °°C =1 week at 0 °°C 2003年10月23日 88

Example of Calculating the QExample of Calculating the Q1010

•• Say there is a new variety of Grapefruit.Say there is a new variety of Grapefruit.
•• Researchers have determined the following Researchers have determined the following 

respiration rates at different temperaturesrespiration rates at different temperatures::
–– 5 mg CO5 mg CO22/kg.hr at 0 /kg.hr at 0 °°CC
–– 10 mg CO10 mg CO22/kg.hr at 5 /kg.hr at 5 °°CC
–– 15 mg CO15 mg CO22/kg.hr at 10 /kg.hr at 10 °°CC
–– 30 mg CO30 mg CO22/kg.hr at 20 /kg.hr at 20 °°CC
–– 45 mg CO45 mg CO22/kg.hr at 30 /kg.hr at 30 °°CC
–– 55 mg CO55 mg CO22/kg.hr at 35 /kg.hr at 35 °°CC
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Example of Calculating the QExample of Calculating the Q1010

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

•• FirestFirest, determine Q, determine Q1010 between 10 & 20 between 10 & 20 
°°C, and between 20 & 30 C, and between 20 & 30 °°C.C.
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Temperature Coefficient (QTemperature Coefficient (Q1010))
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Example of Calculating the QExample of Calculating the Q1010

•• First, First, determindetermin QQ1010 between 10 & 20 between 10 & 20 
C.C.
–– 15 mg CO15 mg CO22/kg.hr =R/kg.hr =R11

–– 10 C = T10 C = T11

–– 30 mg CO30 mg CO22/kg.hr =R/kg.hr =R22

–– 20 C = T20 C = T22
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Example of Calculating the QExample of Calculating the Q1010

•• DeterminDetermin QQ1010 between 20 & 30 C.between 20 & 30 C.
–– 30 mg CO30 mg CO22/kg.hr =R/kg.hr =R11

–– 20 C = T20 C = T11

–– 45 mg CO45 mg CO22/kg.hr =R/kg.hr =R22

–– 30 C = T30 C = T22
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Calculated QCalculated Q1010 Values for the new grapefruit Values for the new grapefruit 
variety.variety.

1.51.52020--3030

221010--2020

3300--1010

QQ1010Temperature Range (Temperature Range (°°C)C)
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Temperature effects on shelfTemperature effects on shelf--lifelife

10101.51.53030

1515222020

3030331010

909000

ShelfShelf--lifelifeQQ1010
TemperatureTemperature

(C)(C)

Thus, 1 day at 30C = 3days at 10C = 9 days at 0C
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几种蔬菜呼吸的温度系数同温度范围的关系几种蔬菜呼吸的温度系数同温度范围的关系

2.22.22.12.1马铃薯马铃薯3.23.22.82.8辣椒辣椒

1.91.94.24.2黄瓜黄瓜2.62.63.23.2菠菜菠菜

2.32.32.02.0番茄番茄2.52.55.15.1菜豆菜豆

2.02.01.61.6莴苣莴苣2.02.03.93.9豌豆豌豆

1.91.93.33.3胡萝卜胡萝卜2.52.53.53.5石刁柏石刁柏

10~2410~24℃℃0.5~100.5~10℃℃种类种类10~2410~24℃℃0.5~100.5~10℃℃种类种类
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Protective action of respirationProtective action of respiration
呼吸作用的保护作用呼吸作用的保护作用

•• 概念：概念：

–– 当果蔬在贮运过程中受到损伤或受到病原微生当果蔬在贮运过程中受到损伤或受到病原微生
物侵染时，则增强呼吸，以抵抗逆境。这种反物侵染时，则增强呼吸，以抵抗逆境。这种反
应称为呼吸作用的保卫反应。应称为呼吸作用的保卫反应。
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呼吸作用的保护作用的表现呼吸作用的保护作用的表现

•• ⑴⑴ 促进防卫层的产生促进防卫层的产生

•• ⑵⑵ 合成抗毒物质合成抗毒物质（过敏反应）（过敏反应）

•• ⑶⑶ 促进入侵毒素的氧化分解促进入侵毒素的氧化分解
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耐藏性与抗病性耐藏性与抗病性

•• 耐藏性耐藏性指果蔬在一定的贮藏期限内保持其指果蔬在一定的贮藏期限内保持其
原有质量而不发生明显不良变化的特性。原有质量而不发生明显不良变化的特性。

•• 抗病性抗病性指果蔬抵抗指果蔬抵抗病害（包括病理性病害病害（包括病理性病害
和生理性病害）的和生理性病害）的特性特性。。

•• 不同果蔬的保卫反应不同。其程度的强弱取决于不同果蔬的保卫反应不同。其程度的强弱取决于
果蔬的种性，即遗传基因。果蔬的种性，即遗传基因。也就是也就是种的种的耐藏性和耐藏性和
抗病性。抗病性。

RespirationRespiration
Internal & Environmental Internal & Environmental 

FactorsFactors
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Factors Affecting Factors Affecting RespoirationRespoiration
RateRate

•• Respiration is tied to many metabolic Respiration is tied to many metabolic 
process within a cellprocess within a cell

•• Thus:Thus:
–– It is an accurate indicator of the general It is an accurate indicator of the general 

metabolic state of a cell.metabolic state of a cell.
–– The rate of respiration is influenced by many The rate of respiration is influenced by many 

internal and external factors that affect internal and external factors that affect 
general metabolism.general metabolism.
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Internal FactorsInternal Factors

•• Genotype of a commodity.Genotype of a commodity.
•• Type of plant part.Type of plant part.
•• Stage of development at harvest.Stage of development at harvest.
•• Respiratory substrateRespiratory substrate
•• Preharvest factorsPreharvest factors
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Internal FactorsInternal Factors

•• Genotype of a commodity.Genotype of a commodity.
–– Between different commodities and within Between different commodities and within 

different cultivars of a single species.different cultivars of a single species.
•• Type of plant part.Type of plant part.

–– E.g. storage organs (potato) have low rates E.g. storage organs (potato) have low rates 
while developing meristems (broccoli) have while developing meristems (broccoli) have 
high rates.high rates.
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Internal FactorsInternal Factors

•• Stages of development at harvest.Stages of development at harvest.
–– Maturing plant organs usually have declining Maturing plant organs usually have declining 

respiration rates.respiration rates.
–– Exception = Climacteric Fruits.Exception = Climacteric Fruits.

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

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

2003年10月23日 105

Internal FactorsInternal Factors

•• Respiratory Substrate Respiratory Substrate –– carbohydrates, carbohydrates, 
lipids and organic acids.lipids and organic acids.

Respiratory quotient (RQ)= Respiratory quotient (RQ)= COCO22 evolved    .evolved    .
OO22 consumed consumed 

•• RQ range from 0.7 to 1.3 for aerobic (with ORQ range from 0.7 to 1.3 for aerobic (with O22) ) 
respiration.respiration.

•• RQ is much greater if tissue goes into anaerobic RQ is much greater if tissue goes into anaerobic 
(without O(without O22) respiration.) respiration.
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Internal FactorsInternal Factors

•• Respiratory quotient (RQ) when using Respiratory quotient (RQ) when using 
different substrates.different substrates.

–– Carbohydrates:         RQ=1Carbohydrates:         RQ=1
–– Lipids:                        RQ<1Lipids:                        RQ<1
–– Organic Acids:           RQ>1Organic Acids:           RQ>1
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Internal FactorsInternal Factors

•• Preharvest factors such as:Preharvest factors such as:
–– Climate and weather patterns.Climate and weather patterns.

•• TemperatureTemperature
•• HumidityHumidity
•• WindWind
•• Light intensity, etc.Light intensity, etc.
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Internal FactorsInternal Factors

•• Preharvest factors such as:Preharvest factors such as:
–– Plant nutrition (e.g. nitrogen & calcium).Plant nutrition (e.g. nitrogen & calcium).
–– Water supply.Water supply.
–– Pruning, training and thinning.Pruning, training and thinning.
–– Insect & Pathogen pressures.Insect & Pathogen pressures.
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Environmental FactorsEnvironmental Factors
•• Temperature Temperature 
•• Atmospheric Atmospheric 

compositioncomposition
–– Oxygen concentrationOxygen concentration
–– Carbon dioxide Carbon dioxide 

concentration concentration 
–– Ethylene Ethylene 
–– Humidity Humidity 

•• Physical stresses Physical stresses 
•• Pathogen attackPathogen attack

•• Other plant growth Other plant growth 
regulatorsregulators

•• RadiationRadiation
•• LightLight
•• Chemical stressChemical stress
•• Water stressWater stress
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Respiration and Shelf LifeRespiration and Shelf Life

•• Respiration rate is inversely related to Respiration rate is inversely related to 
shelf lifeshelf life

Higher respiration

==> Shorter Shelf Life
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Environmental FactorsEnvironmental Factors

•• Temperature is the most important factorTemperature is the most important factor
influencing postharvest life of a given influencing postharvest life of a given 
commodity.commodity.
–– Dictates the speed of chemical reactions Dictates the speed of chemical reactions 

(including respiration).(including respiration).
•• Typically, for every 18 F (10 C) increase, Typically, for every 18 F (10 C) increase, 

respiration increases between 2 and 3 fold respiration increases between 2 and 3 fold 
((VanVan’’tt Hoff Rule)Hoff Rule)

Temperature
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•• Affect of temperature on the quality of broccoli Affect of temperature on the quality of broccoli 
after just 48h of storage at either room after just 48h of storage at either room 
temperature (75 F) or in the refrigerator (40 F)temperature (75 F) or in the refrigerator (40 F)
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Low Temperature InjuryLow Temperature Injury

•• Freezing Freezing will kill the tissue.will kill the tissue.
•• ChillingChilling sensitive commodities.sensitive commodities.

–– QQ1010 is usually much higher at chilling is usually much higher at chilling 
temperatures. In some commodities, temperatures. In some commodities, 
respiration may increase at the lowest chilling respiration may increase at the lowest chilling 
temperatures.temperatures.

–– Upon return to nonUpon return to non--chilling temperatures, chilling temperatures, 
respiration becomes abnormally high and may respiration becomes abnormally high and may 
remain high.remain high.
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High Temperature InjuryHigh Temperature Injury

•• Respiration increase as temperature Respiration increase as temperature 
increases to a point.increases to a point.
–– Above that point (tissue & commodity specific) Above that point (tissue & commodity specific) 

protein denatures and respiration declines protein denatures and respiration declines 
rapidly.rapidly.

•• Time x Temperature component to thermal Time x Temperature component to thermal 
cell death.cell death.
–– Cells can survive short periods at high Cells can survive short periods at high 

temperatures (used for some quarantine temperatures (used for some quarantine 
treatments).treatments).
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High Temperature InjuryHigh Temperature Injury

•• Heat shock (brief exposure to high, nonHeat shock (brief exposure to high, non--
lethal temperatures( induce the production lethal temperatures( induce the production 
of of heatheat--shock proteinsshock proteins that can protect that can protect 
cells from subsequent high or low cells from subsequent high or low 
temperature stress.temperature stress.
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TemperatureTemperature

•• What temperature is the proper storage What temperature is the proper storage 
temperature or temperature or OptimumOptimum storage storage 
temperature for fruits and vegetables?temperature for fruits and vegetables?

•• 如何确定贮藏适温如何确定贮藏适温？？
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Atmospheric ConcentrationAtmospheric Concentration
OxygenOxygen

•• Low OLow O22 concentrations reduce respiration.concentrations reduce respiration.
–– Below ~2Below ~2--3%O3%O22, ETS starts to be inhibited., ETS starts to be inhibited.

•• If metabolic (ATP) demand is higher than If metabolic (ATP) demand is higher than 
inhibited Krebs cycle and ETS can supply, inhibited Krebs cycle and ETS can supply, 
anaerobic respiration will attempt to satisfy ATP anaerobic respiration will attempt to satisfy ATP 
demand.demand.
–– Anaerobic respiration only produces 2 ATP per Anaerobic respiration only produces 2 ATP per 

glucose vs. 38 ATP under aerobic respiration = 19 glucose vs. 38 ATP under aerobic respiration = 19 
fold greater ATP production under aerobic conditionsfold greater ATP production under aerobic conditions..

–– COCO22 production is 6.3 fold faster (2 vs. 6 per glucose production is 6.3 fold faster (2 vs. 6 per glucose 
molecule)molecule)
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Atmospheric ConcentrationAtmospheric Concentration
Carbon DioxideCarbon Dioxide
•• High COHigh CO22 also reduced respiration.also reduced respiration.

–– Probably by inhibiting decarboxylation during aerobic Probably by inhibiting decarboxylation during aerobic 
respiration.respiration.

•• Different commodities vary widely to their ability Different commodities vary widely to their ability 
to tolerate high COto tolerate high CO22 (e.g. lettuce vs. (e.g. lettuce vs. 
strawberries).strawberries).

•• As with low OAs with low O22 inhibition, if metabolic (ATP) inhibition, if metabolic (ATP) 
demand is higher than inhibited Krebs cycle and demand is higher than inhibited Krebs cycle and 
ETS can supply, anaerobic respiration will ETS can supply, anaerobic respiration will 
attempt to satisfy ATP demand.attempt to satisfy ATP demand.
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15℃下不同气体组合中香蕉对O2的吸收量
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苹果在不同O2分压下气体交换

注：实点实点为耗O2量，空心点为CO2释放量，虚线为无氧
条件下CO2的释放，消失点表示无氧呼吸
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Atmospheric ConcentrationAtmospheric Concentration
EthyleneEthylene

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

•• Climacteric fruit:Climacteric fruit:
–– Ethylene reduces the time to onset of the Ethylene reduces the time to onset of the 

climacteric rise (including autocatalytic climacteric rise (including autocatalytic 
ethylene production).ethylene production).

–– Concentration of added ethylene has little Concentration of added ethylene has little 
effect on respiration rate before or during the effect on respiration rate before or during the 
climacteric.climacteric.
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•• NonNon--Climacteric fruit:Climacteric fruit:
–– Added ethylene induces a rise in respiration.Added ethylene induces a rise in respiration.
–– Exposure to greater ethylene concentrations do not Exposure to greater ethylene concentrations do not 

change how fast maximum respiration rates are change how fast maximum respiration rates are 
obtained.obtained.

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

–– Does not induce autocatalytic ethylene production.Does not induce autocatalytic ethylene production.
–– Respiration rates return to normal after ethylene is Respiration rates return to normal after ethylene is 

removed.removed.

Atmospheric ConcentrationAtmospheric Concentration
EthyleneEthylene
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HumidityHumidity
•• 在在稍为干燥稍为干燥的条件下，可以抑制呼吸；而湿度的条件下，可以抑制呼吸；而湿度
大，则可以促进呼吸大，则可以促进呼吸
–– 果蔬采后预处理，短期迅速蒸发掉一部分水果蔬采后预处理，短期迅速蒸发掉一部分水((发汗发汗))，，
如大白菜、菠菜和甜橙等，收获后稍经风干，有利于如大白菜、菠菜和甜橙等，收获后稍经风干，有利于
降低呼吸强度降低呼吸强度

–– 较湿润的贮藏环境对柑桔类果实有促进呼吸的作用较湿润的贮藏环境对柑桔类果实有促进呼吸的作用

–– 低湿贮藏洋葱不仅有利于洋葱的休眠，还可抑制其呼低湿贮藏洋葱不仅有利于洋葱的休眠，还可抑制其呼
吸强度。吸强度。

–– 但但甘薯、芋头甘薯、芋头等要求较高湿度，干燥反而会促进呼等要求较高湿度，干燥反而会促进呼
吸，产生生理伤害吸，产生生理伤害
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新鲜和晾晒后的大白菜和菠菜呼吸强度的变化
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湿度对湿度对
香蕉后香蕉后
熟中呼熟中呼
吸强度吸强度
的影响的影响
(24(24℃℃)()(
Haard Haard 
et al, et al, 
1969)1969)
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Physical StressPhysical Stress

•• Any type of physical Any type of physical 
stress can cause stress can cause 
respiration and ethylene respiration and ethylene 
production to rise quickly production to rise quickly 
in both climacteric and in both climacteric and 
nonnon--climacteric climacteric 
commodities.commodities.
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伏令夏橙伏令夏橙
从从61cm61cm和和
122cm122cm处坠处坠
落硬地面落硬地面
后呼吸强后呼吸强
度的变化度的变化
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Environmental FactorsEnvironmental Factors
•• TemperatureTemperature
•• Atmospheric Atmospheric 

compositioncomposition
–– Oxygen concentrationOxygen concentration
–– Carbon dioxide Carbon dioxide 

concentrationconcentration
–– EthyleneEthylene
–– HumidityHumidity

•• Physical stressesPhysical stresses
•• Pathogen attackPathogen attack

•• Other plant growth Other plant growth 
regulatorsregulators

•• RadiationRadiation
•• LightLight
•• Chemical stressChemical stress
•• Water stressWater stress


