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POST HARVEST PHYSIOLOGY (2+1)

Lecture 1

The nature and nutritive value of food crops - sources of energy - sources of proteins - sources of vitamins - sources of dietary fibre.


Many of the plant parts foliage, stem, buds, inflorescence, fruits, seeds, bulbs, corms, roots and tubers are used as edible parts and becomes economically important the importance of post harvest management lies in the conservation of economically important characters in the consumable parts and also preserving the energy, the protein value and also the important nutrients, like essential fatty acids, essential amino acids, vitamins, minerals and so on. 

Energy values of various harvested produces energy sources


For maintaining metabolic activity of any individual human being the intake of food really must meet the dietary requirement of human being.  For eg. 70 kg male requires min of 7000 kJ per day. But a sedentary male requirement of energy is 11000 kJ per day. 


Male of moderate activity 13,000 kJ/ day 


Man doing hard work 20,000 kJ/day 


Various dietary components present in food have different energy values. 


Carbohydrates 
16 kJ / g 


Protein 

17 kJ /g 


Fat 


37 kJ/g


In a diet the energy from the proteins should be alteast 10%. Energy from fat should not exceed 30% of the total intake and this energy from fat also should come from saturated fully as, monounsaturated fatty acids, and from poly unsaturated fatty acids. 

Essential fatty acids (3) 

1. Linoleic acid 

2. Linolenic acid 

3. Arachidonic acid 

Imp for health of cell membranes and also for rare hormones 

Essential amino acids (8) 

1. 
Leucine 


For infants 

2.
Iso leucine 


1. Hislidine extra 

3.
Lysine 





4.
Methionine 

5.
Phenyl alanine 

6.
Threonine 

7.
Tryptophan 

8.
Valine 

Nutrients present in harvested produces 

	
	
	Water (%)
	CBH 
(%)
	Crude protein (%)
	Fat (%)
	Fibre (%)
	Energy kJ/kg (%)

	1.
	Dry cereals 
	8-13
	60-75
	8-13
	2-6
	2-7
	14000

	2.
	Dry legumes seeds
	7-14
	38-53
	19-24
	-
	12-29
	11000

	3.
	Fresh legume seeds 
	72-86
	7-15
	3-6
	-
	2.7
	2600

	4.
	Greens
	89-95
	1-8
	1-3
	-
	2.5
	900

	5.
	Fresh stem and leaf stalks
	93-94
	1
	1-2
	-
	1-3
	300


	6.
	Swollen leaf basen (Onion, Shallot)
	92-93
	5
	1-2
	-
	1-4
	1000

	7.
	Cauliflower broccoli
	88-94
	1
	2-4
	-
	1
	900

	8.
	Cucumber, pumpkin
	95-98
	1-2
	0.6
	-
	<1
	900

	9.
	Solanaceous vegetable including tomato
	86-93
	3-4
	1-2
	-
	1-3
	400

	10.
	Leguminous vegetables
	92
	3
	1
	-
	3
	600

	11.
	Pome fruits 
(apple peas)
	83
	9-12
	0.3
	-
	2-3
	1800

	12.
	Stone fruits (peach, plum)
	82-87
	7-12
	0.6
	-
	1-2
	1600

	13.
	Citrus fruits 
(orange)
	86-91
	5-9
	0.7
	-
	1-2
	1200

	14.
	Soft fruits 
(Straw grapes, berry)
	77-89
	6-7
	1.0
	-
	2-9
	1110

	15.
	Banana
	70-75
	19-21
	1-2
	-
	1-3
	3500

	16.
	Dried fruits (dates, fig)
	15-73
	40-64
	1-5
	-
	7-24
	9000

	17.
	Nuts (Almond, peanut)
	5-9
	4-9
	14-28
	49.64
	8-14
	26000

	18.
	Potato, yam, tubers 
	63-80
	18-23
	1-3
	-
	1-2
	4000



The human requirement for dietary crude protein in 65 g/day for an adult male (FAO, WHO) 11,000 kJ energy / day. The minimum protein regt. is 40 g crude protein / day to meet sufficient amino acids requirement.  With regard to vitamins the food crops  an supply many vitamins of also it is main source vitamin C. Citrus fruits and soft fruits (straw berry, raspberry) except grapes are good sources of vitamin C. Tomatoes and green vegetables,  cauliflower and cabbage are also good sources. In Britain  the population gets about 1/3rd  of vitamin C . . . . . . . 60% from vegetables among with potato alone contribute 35%. 

Green vegetables and especially carrot are the main source of Vitamin A. But food crops are negligible sources of Vitamin B and Vitamin B12. 

Dietary fibres 


Cellulose, hemicellulose, pectins and lignins constitute the dietary fibre. Due to their bulkness and due to their ability to absorb water adsorbative and also being, the substrate for many bacteria of the gut, the dietary fibres become very imp constituent of our food for proper gut functions and for avoiding constipation diverticular diseases and appendicitis  the crude fibre content must be optimum. 


Wheat bran, cabbage, greens and many of the proteinaceous seeds and vegetables are having the dietary fibres. 


Bile salts and other steroids can be adsorbed and the ingested food only when dietary fibres are present. The plasma cholesterol level can be maintained only when the adsorption of bile salts and steroids takes place signified fibres like rice bran has very least effect but pectine substances  containing inlignified cell wall materials and dietary fibres with are rich in pectins have the major binding sites for the cholates. The dietary fibres with are rich in pectins ever also been reported to lower the level of plasma lipids. 


How the rate of grain filling / fruit / seed maturation will be having an effect on quality of harvested produce. 


Grain production in cereals depends upon accumulation of reserved food materials. Amt of grain produced is a product of no. of seeds and their size. The rate of duration of dry matter accumulation and the efficient assimilate partitioning decide the quantity of grains produced and also the quality of grains. It is DMP and HI. 


During the normal years long duration var will, have higher grain yield but during adverse condition short duration var may record higher yield many scientists are of the view that of grain filling period in longer, grain yield and quality will be better. 


Eastin (1972) found that short vegetative period and long grain filling period resulted in higher sorghum yield in Nebraska whereas a long vegetative period of a short grain filling period were required for higher grain yield were required for higher grain yield under Texas condition. The indicates these two growth periods depending upon the  particularly temperature for getting higher yield. In wheat each °C rise in temp re daily mean temperature reduce about 31 day in duration of grain filling. 


Among the soybean genotypes, the genotypes that recorded high canopy photysynthesis during reproductive phase at high seed filling period of 42.7 days with recorded higher seed yield of 3.72 t/ha. The rate of grain depends upon the partitioning ability of the crop. The major developing grains come from current photosynthesis in the upper strata of canopy. Increase in temp during grain filling period tend to stop grain growth prematurely hasten the physiological maturity. 

Lecturer 2

Significance of biochemical changes during post-harvest storage (Relevance post  - Harvest  - physiology)


A long storage life for any harvest produce is possible only when the metabolic activity in very low and maintained at minimum level. The biochemical change can reduce the available carbohydrate by wasteful respiration. The quantity and quality of protein will be affected by biochemical changes. The suitability for cooking, for bread making, for brewing may be lost by high biochemical activity. But such changes are not taking place superfindly as the biochemical change is slow but over a duration of time the quality will be affected. The post harvest changes favour texture and a appearance. 


The acceptability also is important. Tubers provide more energy than fruits and vegetables especially potato in a stable food among the industralised society of European countries with meet the vitamin C demand of population. So biochemical change taking place on tubers is very imporatnt nutritionally because tubers, roots of bulbs tend to resume growth once the favorable condition private. If the harvested pl. material contains high amount of water as in the case of vegetables, greens they may suffer due to evaporation. The loss of water per se does not cause any loss of nutritive value but only the acceptability and economic value. The 10% moisture loss or physiological weight loss can be a 100% commercial loss for many of the vegetables.

1) The materials with are harvested in a state of rapid growth will continue of rapid growth will continue to have high rate of metabolism at least initially after harvest. The change in composition and the stage of its acceptability are only ephemeral (a phenomena with is of short duration). 

2) The storage organs by evolution adapted suitable anatomical and morphological changes with enable them to survive a long rest period by keeping the metabolic reactions at very low key. 

3) In the case of ripe seeds the metabolism of the dry seed is very slow. So without loosing the viability seed can  remains alive for many gears by maintaining same composition (Free fatty acids of free amino acids increase din seed sample is a sign of loss of viability)

4) The photosynthetic organs esp. the green leaves are susceptible to evaporative loss. They have to keep the stomata open for diffusion of CO2 But is 60% higher than CO2. The epiderm the cuticle of edible leaves are not as thickened as in other parts and so the young leaves are susceptible for water loss because they have very large evaporative surface. 

Criteria for physiological maturity 


Horticultural maturity is a developmental state of the produce in the tree or the plant. The quality of the produce in predestined by the level of maturity at the time of harvest. The storage life and the post harvest quality are closely related to the maturity level at the time of harvest. If the harvest is earlier than the optimum time the quality ill be poor and ripening will be uneven. But late harvest results in extremely poor shelf life and also the fruits are prone to pests and diseases and mechanical damage like fruits splitting. Several methods have been adopted for identifying the suitable maturity indices but most of the farmer adopt visual indicators like fruit size, shape, colour, appearance  texture, lenticel number, sp. gravity etc. The starch content TSS, sugar / acid ratio are also tested for evaluating or heat unit are employed in developed countries in well established orchards. 

Banana 


The banana fruits initially produce a peel and then within the fruit the pulp content is increased with the girth of the fruit. The fruit length is established at the earliest time and then fruit girth increases with the fruit development.  80% maturity  for harvesting banana (angularity disappears)  


The colour break from dark green to light green takes place in most of the cultivar at 90% maturity and above. Drying of top leaves, brittleness of floral was and the to most for in the fruit in the first hand attaining colour break stage are taken as indicators of harvestable maturity. 


Robinson in S. Africa - 14.3°C is the base temperature for banana. 


Max. temp  32


Min. temp.  26




58

Mean temp
29

Mean temp – base temp. 

29 – 14.3  = 14.7°C. This extra temp will be accumulating  Accumulated heat unit or degree days or heat units or heat summaton unit. 

In the case of robusta and dwarf Cavendish the no. of days taken for harvest from shooting is 115-125 days. For long distance transport banana is harvested at 80% maturity but for local  market and domestic consumer it can be harvested at 90% maturity when shelf life is root a problem 

Mango 


Fruits continued to be immature as for as the shoulders are in line with the stem end. When the shoulders oilgron from the stem and fruits apparently become suitable for harvest for local market this skin colour also must be taken into account. The typical blush will appear on the skin as the fruit matures the flow of sap from cut end slows down. The waxy blue also disappears and the birds start damaging the fruits. The birds damage will start only when the flesh colour changes to pale yellow from white. 

Citrus 


Citrus fruits are harvested only at colour break stage. For local market the fruits are allowed to remain in the tree until the yellow colour is attained but fruits used for commercial purpose (pukle making, long transport). In the case of oranges and also lime, characteristics odour emenats from matured fruits that also indicates harvestable maturity. 

Custard apple 


The fruits are harvested at hard stage itself when the skin becomes light green and the valleys b/n aerioles turn creamy white. 

Grapes 


Bangalore blue and anab-e-shahi reach harvestable maturity 90 days after flowering. Table grapes are normally harvested based on texture of pulp, peel colour, easy separation of berries and when characteristics aroma emanates. 

Guava 


Maximum fruit growth, optimum sucrose content and optimum pectin level will be attained b/n 100-110 days from flowering. Fruits odour from individual fruits and colour break. 

Papaya 


Papaya fruits are harvested at colour break stage. Papaya fruits normally take 145 days. As the fruits matures and reaches harvestable maturity, latex becomes watery.

Pineapple


As the fruit develops, the eyes enlarge and become bigger. Thus enlargement starts form the base. The eyes also have green breast and thus will turn yellow and lower eyes will separate forming promine valleys. Pineapple fruits will take about 165 days for ripening (esp kew)

 Pomegranate 


Harvesting in done at semiripe stage when the skin becomes slightly yellowish with waxy shining appearance pomegranate require 150 days from flowering. 

Sapota 


Disappearance of scales, smoothening of skin, yellow colour beneath the skin while scratching with nail, minimum resistance for plucking. 

Lecture 3

Crop structure of harvested materials

Dry cereal grains

Cereal grains are whole fruit, mainly consisting of a single seed, the pericarp being reduced to an outer coat, several cells thick. Within this the seed consists of a small embryo and large starchy endosperm as food reserve, bounded by a testa a few cells thick. This and the pericarp form the 'bran'. 'Chaffy' cereals (e.g. rice, common millet, and often oats and barley) retain, to a greater or less extent, the dried floral structures ('chaff') after threshing. In 'naked' cereals (e.g. wheat, rye, most maize, some barley) this is not so.

Leguminous seeds

These consist largely of the embryo, the main bulk of which is the two swollen cotyledons containing food reserves. The endosperm and perisperm are usually absent by maturity or, at most, vestigial. The testa is strong and leathery at maturity because of the considerable radial elongation and lignifications of the peripheral row of cells.

Leaf-buds and foliage

             This material consists mainly of leaves and petioles, with (e.g. cabbage, Brussels sprout) or without (e.g. leaf beet) the axis, which if present is considerably shortened. The stem has a paren​chymatous ground tissue forming the cortex to the outside of the vascular ring and pith in the centre. Individual vascular bundles from the ring extend into the petioles and leaves (veins). The epidermis is cuticularized and pierced by stomata which are parti​cularly numerous in the leaves. Mesophyll tissue, with large inter​cellular spaces, is present between the veins of the leaves. Numerous plastids are present which in the mesophyll of leaves exposed to light contain chlorophyll. Collenchymatous streng​thening is usual, although there is some lignification in association with the vascular bundles.

Stems and leaf – stalks

The above description suffices for dicotyledonous crops such as celery. The monocotyledonous asparagus has spirally arranged scales on the edible stem, true leaves being absent. Again there is a cuticularized epidermis with stomata. Within this is the chloro​phyll-containing cortex, several cells thick surrounding a vascular region with parenchymatous ground tissue and scattered vascular bundles. 

Swollen leaf-bases (bulbs) 

In leek and spring onion the swelling is slight and the bulb incon​spicuous, and the edible material includes part of the green leaf​blades. Bulbs consist of a much-reduced stem, forming a cushion at the base, bearing concentric cylindrical leaves or (e.g. leek) leaf-sheaths, swollen at the base to form the bulb, continuing dis​tally, unswollen, as green leaves of which dried remnants only are present in stored onions and shallots. In the leek the white leaf-sheaths end as open cylinders, continuing as flattened green leaves. Each swollen leaf-base in a bulb is closely adpressed to its neighbours. It has upper (inner) and lower epidermis with some​what infrequent stomata and mesophyll with vascular bundles to​wards the upper surface. There may be axillary vegetative buds and a central flower-bud. The bulb is surrounded by dried-out, papery leaves

Flowers buds and flower stalks

The most important examples are cruciferous flower-heads. The description under 'Leaf-buds and foliage' suffices for the stems and green leaves included. In cauliflower and broccoli the flower​head is large but compressed and abortive to give a dense white 'curd' consisting superficially of the buds borne at the ends of the repeatedly subdivided inflorescence stalks, also without chloro​phyll. The individual buds, including the surrounding white rudimentary leaves, are about 1 mm diameter, the whole flower​head 200 mm or more. There is less compression of the flower​head in calabrese, and none in sprouting broccoli, both of which are green (in addition to other pigmentation if present) and have normal buds.

Solanaceous fruits

Berries with two or more loculi, many-seeded, with axile pla​centation, the swollen placenta forming an appreciable part of the edible material, which commonly comprises the whole of the fruit. In the tomato the placentae completely fill the loculi and envelope the seeds, but break down to a mucilaginous mass at maturity. The epicarp is one cell thick and cuticularized, with several rows of hypodermal collenchyma. The meso carp is paren​chymatous, with vascular bundles and, in the peppers, giant cells. The endocarp, surrounding the loculi, is of thin-walled parenchy​ma with, in the peppers, groups of sclerenchyma cells. The bulk of the seed consists of endosperm. In the tomato the peripheral cells of the testa become radially elongated and the radial walls lignified.

Leguminous fruits

Leguminous seeds, which have been described above, are en​closed in a unilocular pod developed from one infolded carpel and with, therefore, parietal placentation. The epicarp is one cell thick, cuticularized and with stomata, with several rows of hypodermal collenchyma. The mesocarp consists of spongy parenchyma, with vascular bundles, the midrib and the bundles at the margin of the infolded carpel forming the 'strings'. Within these the endocarp, several cells thick, consists of diagonally arranged sclerenchyma cells with, inside these, a few rows of thin-walled cells. The sclerenchymatous layer lignifies as the fruit matures to give the 'parchment layer'. Prior to this the whole fruit can be eaten, as, typically, in runner and French beans.

Pome fruits

`The edible part consists of the swollen parenchymatous recepta​cle, more or less cup-shaped and with vascular bundles towards what would have been its inner surface, together with the swollen pericarp which is enclosed by, and merges with, the receptacle with no obvious transition. The endocarp, more or less horny, encloses the five loculi and contitutes the 'core'. The outer skin of the fruit consists of an epidermis, cuticularized and with len​ticels, and several rows of hypodermal collenchyma. The testa is several cells thick, sclerenchymatous towards the periphery, where it becomes brown or black at maturity, and lined by peri​sperm and endosperm, each several cells thick. The main bulk of the seed consists of the two cotyledons.

Stone fruits (or drupes)

The epicarp is cuticularized, with stomata, and sometimes, as in the peach, hairy. Beneath this is hypodermal collenchyma, sever​al cells thick, and a fleshy mesocarp forming the bulk of the edi​ble material, with sac-like pulp cells and containing vascular bun​dles which have diverged from the endocarp. The shell of the stone consists of the thick lignified endocarp, containmg vascular bundles running in channels and branching from it into the meso​carp, and enclosing the single loculus which contains one seed ​aberrantly two. The seed has a rough brown testa, several cells thick, incorporating superficial sclerenchyma cells and spongy tis​sue with vascular bundles, with inside it a white skin formed from the vestigial perisperm and endosperm. The bulk of the seed con​sists of the two swollen cotyledons.

Soft fruit

It contains several forms of both true fruits and spu​rious fruits - in the mulberry, for example, the succulent material consists of the swollen calyces. In the raspberry, blackberry, dewberry, loganberry, cloudberry and wine berry, the fruit is an aggregate of succulent drupelets, each of which resembles a minia​ture stone fruit (2-5 mm diam.) as described above under 'Stone fruit'. The aggregate forms an inverted cup over the swol​len receptacle from which, in the case of the raspberry and wine berry , it is readily detached on harvesting; but in the others the firmly attached receptacle IS harvested as part of the edible material. In the strawberry the numerous fruits (achenes), each with one small seed, borne on the surface of the receptacle, are dry and hard and much reduced, and the succulent material con​sists entirely of the swollen receptacle. The various currants and the gooseberry are berries. The pericarp comprises a one-cell​thick cuticularized epicarp with stomata, a mesocarp many cells thick with hypodermal collenchyma and ten main vascular strands, and an endocarp which in the currants is sclerenchyma​tous. This outer tissue surrounds several seeds, each with a much-enlarged and mucilaginous testa, a bulky endosperm and a very small embryo.

Banana

The fruit is an elongated berry formed by the expansion of the tri-Iocular ovary. The numerous small seeds, with axile placenta​tion, are sterile. The rind, which can be up to 5 mm thick and is yellow when the fruit is ripe, consists of the epicarp with thick outer walls, cuticularized and with stomata, more frequent to​wards the ends of the fruit (av. density, c. 500 cm-2); and the outer meso carp with parenchymatous cells increasing inwards in maximum dimension from about 20 p.m near the periphery to about 100 p.m. Numerous vascular bundles are present, running longitudinally, with associated large tannin cells. Intercellular spaces are noticeable throughout the parenchymatous tissue. The edible flesh consists of the rest of the mesocarp, with cells over 100 p.m in diameter rounded and with noticeable intercellular spaces in the outer zone, arranged in radial chains with large intercellular spaces between them in the inner zone - with vascu​lar bundles and tannin cells; and a thin-walledendocarp sur​rounding the narrow slit-like loculi and aborted seeds. Between the rind and the flesh there is a narrow mesocarpic zone of medium-sized cells, arranged in transverse chains which are in loose contact with large gaps between them. This zone provides a region of ready separation between the rind and the flesh.

Pineapple

A compound fruit, each component fruit being a berry. The growth habit of the pineapple is peculiar. It has a short leafy stem which produces an apparently terminal inflorescence, consisting of numerous flowers in a dense mass, spirally arranged on a short axis. Each flower is borne in the axil of a pointed bract. After fertilization - which in most cultivated varieties does not produce fertile seed - the tubes of the flowers, the tri-Iocular ovaries with numerous undeveloped seeds, the bases of the bracts and the in​florescence axis, all swell and merge to form a general fleshy mass. Also after fertilization the axis grows on again to some extent, as well as swelling, to produce green leaves - the 'crown' of the pineapple. The tough superficial part of each component fruit, roughly hexagonal, consists of the six lobes of the perianth (equivalent to petals), closed over the developing fruit, the ex​posed epidermis having considerably thickened cell walls, siliceous deposits in the cells and sunken stomata. There is a lig​nified hypodermal zone. Beneath this inedible part, the edible flesh is parenchymatous, consisting mainly of swollen meso carp and bract mesophyll, some of the larger cells having needle​like cystalline inclusions. Vascular bundles with associated sclerenchyma occur throughout the flesh but are concentrated mainly in the floral axis, the centre of which is hence tough and usually discarded, leaving 'pineapple rings'. 'Pineapple cubes' are the rings cut into cubes, not the fleshy part of individual compo​nent fruits, these being in fact not separable one from the other 

Nuts

 A dry, one-seeded, indehiscent (i.e. not opening to allow the seed to escape) fruit is called a nut if large and an achene if small - see strawberry, under 'Soft fruits' above. As defined, an achene could include the cereal grains, although these are usually sepa​rately classified on the basis that the pericarp and testa are not separable. Having defined 'nut', it must be admitted that few of the 'nuts' of commerce are true nuts at all - the commercial de​finition includes, but is not necessarily restricted to, anything with a hard woody coat which can be broken to release a kernel which is normally firm and fatty. Thus the peanut is a two- (or sometimes more) seeded leguminous pod, essentially similar to the other leguminous fruits described above, except that the mesocarp is considerably lignified to form a brittle fibrous shell with a thin, silvery parenchymatous lining. Each seed is as de​ described under 'Dry leguminous seeds', differing, however, in the composition of the food reserves in the cotyledons, and in the fact that the outer epidermis of the testa is not a palisade layer. Nor is the Brazil-nut a tree nut. It is not a fruit but a seed, one of many borne in a large globular woody capsule, and each normal​ly triangular in cross-section resulting from the close packing in the capsule. The thick lignified testa forms the shell of the 'nut'. The bulk of the kernel consists neither of endosperm, which is only two or three cells thick at the periphery, nor cotyledons, which are minute, but, exceptionally in the crops described, of the swollen radicle, corresponding to the root of the embryo.

The almond, walnut and coconut are not true nuts but the stones of drupes, the fruit of the almond being a fairly typical stone fruit, except for the toughness and lack of bulk of the flesh. The description of the stone under 'Stone fruits' suffices in gener​al terms for both almond and walnut,' except that the testa of the latter is thin and smooth. The 'shell' of the coconut also consists of a woody endocarp (the fibrous mesocarp and tough epicarp having been removed from the coconuts of commerce). The testa is thin and brown, adhering to the firm white endosperm which forms the edible solid matter of the seed. The small embryo is located beneath one of the three 'eyes' at the base of the 'nut'. Within the endosperm is a cavity, partly filled with milky fluid ​the endosperm is formed as free nuclei in a cytoplasmic matrix which rounds off around each nucleus to give free spherical cells. These migrate through the cell sap of the enlarged embryo sac to the periphery and consolidate to form the white endosperm described. The cell sap and any remaining free cells form the 'milk'. Barcelona or hazel-nuts, including filberts (an oblong form) and cob nuts (iso.diametric) are among the few true nuts of commerce. The epicarp, one cell thick, is thin-walled, though with a thick cuticle, and many of the cells extend into hairs. The remainder of the pericarp consists largely of lignified stone cells, though the inner few rows of cells, more or less disorganized, are parenchymatous. The edible part of the nut, loose inside the pericarp, consists mainly of the two swollen cotyledons of the embryo, the endosperm consisting only of a few rows of cells underlying, and united with, the brown testa.

Swollen tap-roots and similar structures

If cut across, swollen tap-roots such as the parsnip and carrot appear to consist of a central zone surrounded by a peripheral ring of differing colour, the division between them occurring roughly half-way between centre and periphery. The central zone consists of the xylem of the vascular system, interspersed with much-expanded xylem parenchyma and parenchymatous medul​lary rays reaching almost to the centre, which consists of the old​est xylem elements. The outer zone consists of the phloem, again with considerable parenchymatous interspersion and a parenchy​matous cortical tissue which, with its epidermis, may be largely sloughed away in older roots. The superficial tissue then consists of periderm, comprising a few rows of still-living, rather thin​walled, corky cells pierced by slit-like lenticels, typically where fibrous branch roots emerge. Several continuous rows of meri​stematic cells, the cambium, divide (and of course give rise to) the xylem and phloem. Intercellular spaces occur throughout the parenchymatous tissues and, particularly in the parsnip, there are small groups of air-filled cells in the xylem. Swollen tap-roots may include and merge with, towards the top, tissues derived from the swollen hypocotyl - the stem of the seedling below the cotyledons. Red beet is an example which also differs rather con​siderably from the structure described above, in that expansion does not result from the activity of one cambium producing xylem and parenchyma towards the inside, and phloem and parenchyma towards the outside. In the beetroot expansion due to the cambium is limited, and its activity is progressively taken over by a second cambium arising towards the periphery but again with limited activity, and so on, until towards harvest the root may contain up to eight or more cambia of which only the peripheral one or two are still active. Each cambium produces, towards the inside, xylem and some associated parenchyma; to​wards the outside, first parenchyma and then phloem and some associated parenchyma. The first-formed parenchyma zone is the main storage tissue, containing a higher concentration of sugar than the vascular tissue and, associated with this, in the red beet, a higher concentration of anthocyanins. A cross-section of a gar​den beet thus shows concentric rings of deep red and lighter tis​sue. The latter contain the cambia and vascular tissues, the for​mer the storage parenchyma associated with them. Other crops similar to swollen tap-roots consist almost entirely of the swollen hypocotyl. The white turnip is an example. In yet others such as swede-turnip and radish, the swollen base of the true stem may contribute to a structure which otherwise consists of the swollen hypocotyl. In the turnip, swede and radish the structure differs from that of the parsnip and carrot mainly in the fact that the contribution of the phloem to the bulk of the 'root' is slight ​phloem, cortex and periderm provide only the peripheral 2​5 mm in the turnip and swede and 1-2 mm in the radish. The production of swollen roots and allied structures is part of the life cycle of plants in which reserve food is accumulated in the root and is then used in the production of an inflorescence. In biennials* such as the beet, parsnip and carrot the accumulation occurs over one growing season, and foliage and inflorescence grow, during the next season, from the buds present on the short​ened stem and the leaf-axils at the crown of the root. In the radish the whole process can be observed in the one season. The important thing from our point of view is that stored roots of biennials have viable buds at the crown, which under favourable conditions will grow and bring the storage life to an end. 

Tubers and tuberous roots

 
A sharp distinction between swollen roots and swollen stems could be drawn but even the carrot and parsnip include some stem tissue at the top. The beet is, as we have seen, a mixture of swollen root and swollen hypocotyl; the turnip a swol​len hypocotyl. The potato is a genuine tuber, being the swollen end of an underground stem or stolon, but the various species of yam are mainly or partly swollen hypocotyls, analogous to the turnip. We can regard the hypocotyl as a transition zone between stem and root and swollen hypocotyls are variously described as tubers (yam) or roots (turnip). The sweet potato is a swollen root, but even so has sometimes been described as a tuber.

The potato tuber is bounded by a periderm, several rows of dead cells in thickness and pierced by lenticels. Beneath this is the parenchymatous cortex within which, about 5-10 mm from the surface, is a ring of bicollateral vascular bundles interspersed with storage parenchyma, which extends from the vascular re​gion, particularly towards the centre, and forms the bulk of the tuber. Buds occur in a spiral pattern on the surface of the tuber, as on the unswollen underground stem, each being in connection.

Lecture 4

Physiological implications of structure:  water movement, loss and uptake

Movement of water between a commodity and its environment is a move towards equilibrium, which may involve evaporation of water from a wet commodity or the uptake of water by dry material such as grain.  Because evaporation of water from a plant body is merely a special case of evaporation from any evaporating surface.

Evaporation from a water surface into the atmosphere


Each molecule is perpetually in motion, alternating rapidly between membership of irregular hydrogen-bonded clusters - the 'lifetime' of each of which is only of the order of 10-11 s- and a state of individual existence, limited in its freedom by electrostatic interactions between molecules.  Some of the moving molecules are, however, continually escaping from the surrounding attractive forces into the atmosphere where, less cowded and thus less subject to attraction, they constitute water vapour, in which each individual molecule continues to move, but with much greater freedom.  This escape of molecules, which we call evaporation, causes the water surface to exert a measurable pressure on the atmosphere - the water vapour pressure (wvp) - which is proportional, at any one temperature, to the net number of molecules escaping.  For water at any particular temperature, and associated energy of molecular movement, the wv0 is constant.  In the atmosphere the water vapour, like all other components, contributes to the barometric pressure in close proportionality to its concentration by volume, and this partial pressure is known as the wvp of the air.   It, and the wvp of the water surface, are expressed in any of the accepted barometric units, the correct SI units being pascals 
(Pa = Nm2), but the millibar (mbar: 100 Pa) is still frequently used in cases where it is a unit of more convenient size than the Pascal or kilopascal (kPa).  Standard atmospheric pressure is taken as being 101.325 kPa or 1.013 25 bar equal to the pressure of 760 mm of mercury or 29.92 in of mercury.


The wvp of the saturated air, assuming a total barometric pressure of a standard atmosphere, will be about 10.1325 mbar multiplied by the percentage by volume of water vapour in the air (Table  ).  At this stage of saturation, at uniform temperature, water and atmospheric water vapour are in a state of dynamic equilibrium in which there is exchange of molecules between the liquid and the vapour phases but no net loss or gain by either phase.  Whenever unsaturated air and water are brought together at the same temperature, evaporation will occur from the water until the state of dynamic equilibrium is reached at the saturated wvp.  The rate of evaporation which occurs to achieve this is directly proportional to the concentration gradient between the molecules just escaping from the water surface (proportional to the wvp of water, which is the same as the wvp of saturated are, at that temperature) and the water molecules already present in the atmosphere (Proportional to the wvp of the atmosphere).  


The rate of evaporation is thus proportional to the difference between the wvp of the water at water temperature and the wvp of the air at air temperature.  It follows that when air and water are at the same temperature.  It follows that when are and water are at the same temperature, the rate of evaporation is proportional to the difference the wvp of the air and that of saturated air at the same temperature.  This difference is known as the water vapour  pressure deficit (wvpd) of the air.  It should be stressed that proportionality between the rate of evaporation and the wvpd of the air exists only in cases where the evaporating surface and air are at the same temperature.

Table.  Content and pressure of the water vapour in 1 cu m of saturated air at a total 
barometric pressure of a standard atmosphere (101 325 Pa; 1013.25 mbar)

	Temperature

(˚C)
	Wt of water vapour (g)
	Vol. of water vapour (l)
	Pressure of water vapour (mbar)
	Wt of water vapour per mbar pressure (g)

	0
	4.84
	6.00
	6.08
	0.80

	1
	5.18
	6.44
	6.53
	0.81

	2
	5.54
	6.92
	7.01
	0.80

	3
	5.92
	7.43
	7.53
	0.79

	4
	6.33
	7.96
	8.07
	0.79

	5
	6.76
	8.54
	8.65
	0.78

	6
	7.22
	9.15
	9.27
	0.78

	7
	7.70
	9.80
	9.93
	0.78

	8
	8.21
	10.49
	10.63
	0.77

	9
	8.76
	11.22
	11.37
	0.77

	10
	9.33
	12.00
	12.16
	0.77

	11
	9.93
	12.82
	12.99
	0.77

	12
	10.57
	13.69
	13.87
	0.76

	13
	11.25
	14.62
	14.81
	0.76

	14
	11.96
	15.60
	15.81
	0.76

	15
	12.71
	16.64
	16.86
	0.76

	16
	13.50
	17.74
	17.97
	0.75

	17
	14.34
	18.90
	19.15
	0.75

	18
	15.22
	20.12
	20.39
	0.75

	19
	16.14
	21.42
	21.70
	0.74

	20
	17.12
	22.79
	23.09
	0.74

	21.
	22.80
	30.87
	31.28
	0.73

	22.
	30.04
	41.88
	42.43
	0.71


Effect of temperature  upon evaporation


Movement and escape of molecules as described above involves expenditure of energy directly related to the weight of water evaporated.  This will be quantified in the following section.  Input of energy, in the form of raising the temperature, increases the rate of evaporation.  Increasing the temperature of the whole system, both water and the  atmosphere, increase the energy of molecular movement in both phases,  which affects both escape from, and re-entry to, the liquid surface, and the tendency of the vapour to coalesce.  The increased escpae from the water surface increases its wvp accordingly, and re-establishment of a state of dynamic equilibrium will be at this increased pressure, with a correspondingly increased volume of water vapour. The weight of water vapour will not have increased in proportion because of the decrease in density with increasing temperature, but nevertheless the weight will have increased.  If the temperature of only the water or the air is raised there will be a move towards  the establishment of a state of equilibrium relevant to the vapour pressures concerned.  For example, in the former case, the rate of evaporation will be increased, but the consequent increased amount of water vapour in the atmosphere, cannot be retained as vapour and the surplus will coalesce into droplets with resultant fog.

Effect of evaporation upon water temperature


The escape of molecules from a water surface represents an escape of energy.  If this is replenished by a corresponding input of heat, the temperature of the system will be maintained - or, as described above, if the input is sufficient to raise the temperature, evaporation will be increased.  In the absence of an input of energy its loss from the water as a result of evaporation will be manifested as a drop in temperature.  The loss of energy, which is equal to the amount required to activate the escape of water molecules, is expressed as the latent heat of vaporization of water.  It amounts to 2.50 kJ g-1 evaporated at 0˚C, and, over the range of temperature with which we are concerned, say 0-30˚C, decreases approximately linearly with increasing temperature to 2.43 kJ at 30˚C.  The specific heat of water over the same range falls from 4.2174 J g-1˚C at 0˚ to  4.1782 J g-1 ˚C at 30˚.  Evaporation of 1 gram of water from a bulk of 1 kg would thus lower the temperature of the mass by 0.593˚ at 0˚, 0.591˚ at 10˚, 0.587˚ at 20˚ and 0.582˚ at  30˚.  This will be of interest in Chapter 10 in connection with evaporative cooling, and, more particularly, vacuum cooling of produce.

Equilibrium water vapour pressure


As in the case of evaporation from a water surface, the rate of evaporation from any one sample of plant material is proportional to the extent to which the wvp of the material and of the ambient air are out of equilibrium - that is, to the wvpd of the air relative to the material.  The equilibrium wvp of the material depends upon two factors - the temperature, and the extent to which the dissolved substances in the plant sap, and adsorptive forces in the plant structure, depress the vapour pressure below that of water.


Any small depression in vapour pressure below that of pure water would be obliterated if the plant material were slightly warmer (c. 0.1˚C) than the atmosphere, and would be increased f the material were cooler as result of rapid evaporation.

Lecture 5

The nature of the evaporating surface


An evaporating surface is one at which water leaves the liquid phase to join the vapour phase.  The definition dose not include surfaces through which water passes in the vapour phase, and therefore includes the surfaces of leaves only in so far as these are susceptible to cuticular transpiration.  With respect to stomatal transpiration, as water vapour, the evaporating surfaces is that of   the cell walls lining the intercellular spaces, and the leaf surface represents a barrier interposed between the evaporating surface and the environment.  It will be discussed as such in a later section.


As was implicit above, an outer surface may act in varying degrees as both a barrier to the movement of water vapour and as an evaporating surface.  It can act as the latter only if there is continuous connection, either cytoplasmic or via cell walls, in which water may travel, between the exposed surface and a source of water.  This excludes the shells of nuts and, probably, the outer scales of onion bulbs and the chaff of grain, all of which are barriers to the diffusion of water vapour.


There appear to be two distinct types of evaporating surface in the material with which we are concerned, each type exhibiting variation in the degree to which the composition of the cell walls may have been modified in a way which influences the migration of water.  The second type also shows variation in the length of the diffusion path.


The first type of surface consists of the outer walls of living cells, permeated by water.  The cell walls may be unmodified cellulose walls, very permeable to water migration, in which case material in which they formed the outer integument could not survive, except in an aquatic environment.  Such cell walls constitute the major evaporating surface in many land plants, however n the form of the surfaces lining the intercellular spaces of leaves.  It is difficult in leaves to quantity the susceptibility of such a surface to water loss because of the difficulty of measuring the wvp gradient.  Some indication may be obtained from the rate of loss from a peeled potato tuber, which has fundamentally the same type of evaporating surface (Table ).  In other cases the cell walls may be suberized to some extent, thus reducing their permeability to after, which nevertheless can remain quite considerable, as in carrot and parsnip roots (Table  ).  In yet other cases the the cell-wall surfaces exposed to the ambient air are completely covered by a waxy, water-resistant excretion which forms the cuticles.  Such cuticularized cell walls form the outer surfaces of material such as  leaves and herbaceous stems, flower-buds, fleshy fruits and fresh leguminous fruits and seeds - all material in fact in which the epidermis forms the peripheral layer.  Evaporation from these surfaces is described as cuticular transpiration, but there is often the possibility of additional loss through the stomato which are frequently present.  Stomatal transpiration will be discussed later in the section on resistances interposed between the evaporating surface and the environment; its  contributi8on to water loss from harvested material may often be slight because of stomatal closure.


The cuticle varies considerably in thickness in material of different type and maturity, with corresponding variation in the extent to which it reduces evaporation (Agamov, 1927;  Kamp, 1930); although in some cases cracks and breaks in the cuticle have an overriding influence and obscure any effect of thickness (Meyer, 1944).  In young leaves, stems and inflorescences acceptable as edible material, the cuticle is commonly thin, and cuticular transpiration may be as great as potential stomatal transpiration (with open stomata), and in mature leaves could be about a tenth to a quarter of that value (Kozlowski, 1964).  On this basis we could be thinking in terms of losses from edible material in the range 0.1 - 0.4 mg cm-2 mbar-1 h-1 even with complete stomatal closure.  At the other end of the scale, the heavily cuticularized skin of the tomato, which may be discarded during consumption, can be very resistant to the migrating of water and subsequent evaporation.  The peripheral cells of the test of leguminous seeds are radically elongated and have thickened cell walls, in addition to being cuticularized.  Evaporation is correspondingly reduced - there are no stomata - and even more so when the cells become lignified, although by this stage the seeds are no longer acceptable to be eaten fresh.


However much the plant surfaces discussed above may vary in susceptibility to water loss - and the figures in table indicate that there may be a 200-fold difference in this - they have one property in common.  They are the outer surfaces of living cells and the evaporating surface is distant no more than the thickness f the cell wall from a source of water.  The diffusion path of water to the surface is thus short - perhaps of the order of 1 µm.


The second type of evaporating surface consists typically of dead cork cells.  Again migration to the periphery occurs through the cell walls, but these, if they are heavily suberized, are much less permeable tow after movement than are the cellulose, or slightly suberized, walls we have considered hitherto.  Another important difference is that the length of the diffusion path from the nearest source of water is much greater - there are typically 5-15 layers of dead cork cells between the outermost-living, water-containing cells and the evaporating surface, giving a path of some 100-300 µm, in contrast to the 1 µm path suggested for the first type of surface.  Moreover the cross-sectional area of this longer path is only that of the cell walls vertical to the surface, and subsequent evaporation, is reduced considerably below the rates characteristic of the first type of surface.

The area of the evaporating surface


The surfaces listed in table exhibit a 500-fold difference in susceptibility to water loss between the least and most susceptible surfaces.  There is an even greater variation in the area of the evaporating surface per unit volume of material (Table ), although if we disregard the internal evaporating surface of leaves, and consider only surfaces exposed to the ambient air, this variation in reduce to something of the order of 500-fold.


In some material we may assume the evaporating surface to be uniformly effective as such, and evaporation from the material is then calculable as the product of the area and the water loss per unit area under ambient conditions.  This is the case with organs of such variable nature as tubers, tap-roots, pome fruits, drupes, leguminous pods, berries and isolated leaves.  Other material is of such form that part of the evaporating surface, exposed to the ambient air, is fully effective, while part is enclosed to a greater or less extent and is wholly or partly ineffective.  Lettuce provides a good example.  In yet other material the whole evaporating surface i9s enclosed in a microclimate, the high humidity of which reduces evaporation.  Such is the case with leguminous seeds in the pod and with the onion bulb.  This will be discussed in the following section.

Table.  Examples of the surface / volume ratios of edible plant material

	Surface / volume ratio

(cm2 cm-3)
	Plant material

	500-1000
	Edible leaves (intercellular surface)

	50-100
	Individual edible leaves (exposed surface); very small grains (e.g.teff).

	10-15
	Most cereal grains

	2-5
	Leguminous seeds; smaller soft fruits (e.g. strawberry); rhubarb; shallot

	0.5-1.5
	Tubers; tuberous roots (except e.g. large yams); tap-roots (except e.g. large Swede turnips); pome, stone and citrus fruits; cucurbitous fruits (except e.g. large marrows); banana; onion

	0.2-0.5
	Densely packed cabbage (e.g.cv. Decema); large Swede turnips and yams; coconut


Relative loss of water by evaporation 

	
	Where found 
	Estimated rate of evap. mg cm-2 m bar-1 h-1
	
	Basis of estimated 

	
	Lining the intercellular spaces 
	
	
	

	1.
	Water permeated cells 
	
	3.3-3.9
	Peeled potato tuber

	2.
	Water permeated cells lightly sacherized 
	Surface of tap roots 
	1
	Parsing roots 

	
	
	
	0.6
	Carrot roots 

	3.
	Water permeated cells covered that waxy cuticle
	Surfaces of leaves
	0.35
	Rhubarb petiole

	
	
	Herbaceous stenos
	0.20
	Runner bean pods 

	
	
	Flowers, buds, fruits and legume seeds 
	0.17
0.1-0.15


	Cucumber fruit
Fresh shelled peas

	
	Spinach leaves (0.1)
	
	
	

	
	Tomato fruits (0.04)
	
	
	

	
	Unripe apple (0.015)
	
	
	

	4.
	Suberized walls of dead cells 
	Surfaces of mature potato tuber
	0.01
	Potato tuber 


Lecture 6

The physiological implications of structure: exchange of gases


The potential contact of the intercellular system with very cell may also be lost by obstruction caused by changes during tissue differentiation.  IN addition, the intercellular system is partly sealed off from contact with the ambient air at the surface of the plant body, either by tissues, such as the periderm, in which intercellular spaces are absent or obstructed, or by an overlying waxy deposit, the cuticle.  This is continuous over the otherwise-exposed ends of the channels of the intercellular system in the epidermis, and is not noticeably permeable to gaseous diffusion.  The surface of the plant body, whether it be peridermal or epidermal, is thus only susceptible to the passage of gases.


The great majority of the cells in the plant body are living and respiring; withdrawing oxygen (O2) from the adjacent intercellular atmosphere and evolving into it 
CO2 and other volatile substances thus changing its composition and inducing concentration gradients between it and the ambient air.  If the intercellular system and the outer integument offered negligible resistance to gaseous diffusion, then the gradients so induced would remain small and the intercellular atmosphere would differ  little from ambient.

Establishment of oxygen gradients


Uptake of oxygen by respiring cells occurs as a result of its combination with enzymes, the terminal oxidases.  Any enzyme capable of combination with dissolved oxygen, and of participating in the cycles of reactions involved in respiration, may act as a terminal oxidase, but its effectiveness as such depends upon its affinity for oxygen.  An enzyme with a high affinity, such as cytochrome-c oxidase, is capable of combining with O2 at concentrations so low as to be scarcely detectable.  An enzyme of comparatively low affinity, such as polyphenolase, can combine with O2 only at much higher concentrations.  The enzymes participating in respiration as terminal oxidases, and the extent to which they participate, may thus vary according to the concentration of dissolved O2 present in the cell sap.


The major part of the respiratory activity of living plant material - and sometimes the whole of it is centered in the mitochondria, in which the cytochrome system is localized.  Uptake is not necessarily so confined, however, as oxidases such as ascorbic oxidase and pahenolases, which are not located in the mitochondria, and have a lower affinity for O2, will as mentioned above, combine with O2 if this is in sufficient concentration.


The components of the overall dynamic physical equilibrium, with respect to O2 may be represented by

1. The combination of O2, present in solution in the ell sap, with any oxidases having a sufficiently great affinity for it, relative to its concentration.  This reduces the concentration in solution below that in equilibrium with the partial pressure in the gas phase in the intercellular space.

2. A movement towards re-establishing equilibrium between the gas phase in the intercellular space and the O2 n solution, by passage of O2 from the former to the latter, thus reducing the partial pressure in the space relative to that in the atmosphere surrounding the fruit or vegetable.

3. A movement towards re-establishing equilibrium between the partial pressure in the intercellular space and the ambient atmosphere by diffusion of O2 from the latter to the former.

The processes outlined above involve overcoming definite barriers to the free establishment of equilibrium.  If we take the steps in reverse order to the above, thus following the direction of movement of the oxygen, this must first diffuse in the gas phase from the atmosphere into the intercellular system through pores in the outer integument of the fruit or vegetable.  If the intercellular system is interconnected and permits diffusion through the plant body, the O2 will then move in t, in the gas phase, in response to any concentration gradients which arise; but on the way some will dissolve in the water permeating the walls of the cells between which the intercellular channels run, provided this water is not  saturated with O2  at the intercellular partial pressure.  The O2 thus dissolved will diffuse in solution from the outer  surface of the cell wall to the O2 combing enzymes located in the cell, following the gradients of diminishing concentrations caused by the activity of these enzymes.  This diffusion in solution must pass potential barriers in the form of cytoplasmic and mitochondrial membranes.

The establishment of carbon dioxide gradients


It is produced in solution in the cell as a result of the activity of decarboxylating enzymes.  The local increase in concentration will activate diffusion away from the enzymic centres, ultimately to the wet, cell-wall surface adjacent to the intercellular space.


The exchange of gases between a plant organ and its environment under four headings; diffusion in the gas phase through the outer integument; diffusion in the gas phase through the intercellular system; exchange of gases between the intercellular atmosphere and the cellular solution; diffusion in solution in the cell to or from centers of consumption or production.

Diffusion through the outer integument


The detectable exchange of gases occurs only through the pores n the integument.  Diffusion of O2 through individual lenticels ranged from 2.4 x 10-1 to 2.9 mm-3 h-1 kPa-1.  The interaction between integument resistance and uptake of O2 by the underlying tissue, and its production of CO2 and other metabolic volatiles, results in a superficial intercellular atmosphere differing from ambient to a greater or less extent.


Exchange of gases occurs only through the lenticels or stomata in the outer integument.

Diffusion through the intercellular space system


The efficiency of the intercellular space system as a means of aerating a tissue depends upon the cross-sectional dimensions of the air channels, their length, their continuity and distribution, and the degree to which they are filled with gas or have become injected with liquid.


The volume of the intercellular space system varies very considerably in leaves of different plants the extreme limits of the 156 values published by Spector (1956) ranged from 3.5 to 71 per cent of the volume of the leaf.  Volumes reported for fleshy organs vary from less than 1 per cent in some potatoes (Burton, 1950) to about 36 per cent in Lord Derby apples (Smith, 1938a).  The space is normally filled with gas, even in apparently wet material such as the flesh of soft fruit, exceptions being spaces such as the lysigenous oil cavities of citrus fruits.


In leaves, the fact that photosynthesis occurs rapidly in a low ambient CO2 concentration (c. 0.03 %) - typically about 8 cm3 of CO2 are absorbed per hour per cm3 of leaf tissue of C3 plants in full sunlight at 20ºC - indicates that the tissue is very porous.


The rate of  respiration of an apple at a storage temperature of, say, 2ºC, might be double that given above for a potato tuber, but the intercellular volume could be at least 10 times as great, and the approach velocity of O2, which could be activated by a given concentration gradient, over 100 times as great.

Exchange of gases between the intercellular atmosphere and the cell sap


We would expect the sap to be somewhat supersaturated, in relation to the partial pressures in the gas phase, with gases, such as CO2, produced in the cell; and somewhat unsaturated with O2.  The saturated concentrations in sap will be lower than those in water because of the other solutes in the former.


The extent to which equilibrium is reached between the gas phase and dissolved gases is a function of the distribution and effectiveness of the intercellular spaces on the one hand and respiratory activity on the other.

The effect of temperature upon oxygen and carbon dioxide concentrations in the tissue


Internal O2 and CO2 concentrations (and those of any other metabolic volatiles) depend very  much upon the rates of consumption and production.  O2 in the intercellular spaces of the ripe banana may be as low as 0-3 per cent.  Loa values may be induced in other, normally well-aerated, organs f the rate of metabolism is increased by raising the temperature.


A high temperature does not only increase O2 uptake and hence lower the intercellular concentration; it reduces the level of dissolved O2 in equilibrium with that lower concentration, thus aggravating the trend towards anaerobiosis.

Lecture 7 

Rate of respiration

In any way plant material the rate of respiration is largely influenced by 

1. Temperature

2. Concentration of substrate 

3. Concentration of CO2 

4. Concentration of O2

5. Optimum moisture

Temperature

The Q10 value for respiration is more or less 2 (Q10 value is the rate of “change of a reaction for every 10°C change in temperature).  In the case of respiration, the respiratory rate is almost doubled in terms of chemical and biochemical processes, for every increase of 10°C of temperature.  So in the case of respiration, a multi stage process is involved and many intermediate have alternate metabolic pathways.  So the Q10 value may not be 2 over a certain temperature.  In potato longer storage periods will stabilize the Q10 value at around 1.2 to 13.  During this case the tubers are only dormant.  If the tubers were stored at 20°C the sprouting will takes place 100-100 days.  But if we store at 10°C, sprouting takes place at 160-170 days (sprouting is postponed by 60 days – this is because of slower rate of respiration).  At temperature higher than 35°C the protein of enzymes are denatured with consequent loss of activity.  If we transfer high temperature in the first few hours the short term effect of high temperature is subject to two opposing  influences is due to influence of high temperature the rate of respiration tend to increase and also a progressive decline in the rate due to denaturation of enzyme.  Upto 35°C is progressively harmful.  

Above 35°C, the high rate of respiration will also deplete the substrate and O2.

In banana a climacteric rise in the rate of CO2 production of about 270 mg kg-1 h-1 were observed at 31°C.  But an equivalent rise in O2 consumption may lead to anaerobic respiration resulting in soft and watery tissues.  AT low temperature also even the rate of respiration is low; freezing injury takes place because the proteins are inactivated due to low temperature.  

Concentration of substrates

The rate of break down of source with evolution if CO2 there are various intermediate steps can be limited by the rate of any intermediate reaction.  For example, ATP deficiency can reduce fructose 1,6-bi phosphate.  In materials containing large amount of substrates, the respiration is not affected.  In harvested materials, the continued respiration will deplete the substrate and limit the reaction. 

The leaves normally do not have large reserves for respiration and so the leave harvested early in the morning before the start of photosynthesis will have low rate of respiration due to depletion of substrate.  The storage organs do not exhibit any such effects upon the rate of respiration as they have sufficiency substrate e to continue the respiration.  In potato and banana high rate of respiration means higher sweetening and it is apparently related more to the sugar than to the other hexose.

Concentration of oxygen

Plant contain a number of oxidases of varying affinity to O2.  The most active enzyme is cytochrome    oxidase.  In the presence of oxygen but almost all the plant parts are well aerated because of the intercellular spaces in the case of banana ripe fruit, polyphenol oxidase and ascorbic acid oxidase with have low affinity to CO2 also operate in addition to cyto oxidase.  When O2 level decrease the activity of those oxidase           have less affinity to O2 will stop functioning.

Concentration of CO2

An increase in CO2 will increase a partial pressure in the intercellular, spaces and also in cell sap this will change the balance of reactants and the products though it may not affect the rate of respiration, it will change the concentration of intermediate.  In Kreb’s cycle the reaction of conversion of isocitrate of α- keto glutaric acid.

An increased CO2 in the cell will temporarily reduce the rate of reaction and also arrest the CO2 release.  By this citric acid and isocitric acid will accumulate and so further accumulate of CO2 will be curtailed.  Moreover the increased CO2 concentrate would also increase carboxylates reaction if the reaction permits.

Effect of handling and wounding

Cuts, abrasiono and bruises involved cell breakage which leads to many reactions including increase in respiration.  By this increased activity only the wound healing process is quickly carried out.  Vigorous handling of potato tubers causes doubling of respiration rate even in wilted tubers but only 30% increase in fresh tubers.  After few hours the rate normalized.  Cutting the tubers into 1-2 mm size as in the case of making potato chips, increases respiratory rate 7 – 10 fold.

Stage of development

Plant organs are actively growing have a high rate of respiration.  In the case of potato tubers, they maintain very low respiration rate during storage but when sprouting starts, the rate suddenly increases. Immediately after harvest an actively growing material will have high respiration as a result of harvest injury. Then the rate will come to dynamics equilibrium after sometimes.  Those materials were harvested when they are inactive will have post respiratory fall.  In fruits, climacteric rise in respiration is seen in many fruits.  This climacteric is a present in the ontogeny of certain fruits during    a excess of biochemical change are initiated by the cuticatalytic production of C2H4 by making the change from mature growth to senescence also involves increase in respiration.  This increase in respiration reaches a peak rapidly depending upon the temperature and the stage of first development.  After the peak the rate declines.  The rate declines.  The climacteric is mostly a post harvest phenomena because the fruits are harvested mostly in unripe stage.  Depending upon the maturity and the stage of development the climacteric rise in temperature also is altered.

Banana


	Temperature (°C) 
	13.5
	15
	20
	25
	31

	Climacteric duration (days)
	6
	4
	32
	15
	15

	Climacteric Q2 production

(mg kg-1h-1)
	43
	75
	130
	155
	265


Temperature and stage of development affects rate of respiration.

Moisture

The moisture content influences the respiration in dry materials such as grains.  The increase in respiration is over a narrow range of moisture.

Rate of CO2 output (Mg kg-1 h-1) at 38°C moisture content %

	
	11 %
	13 %
	15 %
	17 %

	Maize
	26
	54
	165
	760

	Rice
	7
	18
	85
	570

	Sorghum
	19
	33
	125
	520

	Wheat
	7
	19
	43
	380
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The following diverse reactions which can lead to loss of nutritive value

1. Loss of energy-supplying constituents of the diet, mainly from cereals, but also from other crops such as potatoes.

2. Changes in the utilizable nitrogenous constituents of the crop.

3. Changes in the content of vitamin C, particularly in important sources such as citrus fruits and potatoes.

4. Changes in the content of pro-vitamin A, particularly in important sources such as the carrot.

Changes in energy-supplying constituents 


Under this heading we are concerned only with respiratory losses from those items of the diet which are eaten as a source of energy - cereals, and in some cases tubers, roots and farinaceous fruit such as the plantain.  These are essentially m commodities which have accumulated reserve carbohydrate in the form of starch.

Mobilization of starch


Starch consists of two distinct constituents, amylopectin and amylose, typicaly in a fairly constant ratio of about 3 or 4:1 (McCready and Hassid, 1947; see also Williams, 1968 and Schoch, 1942), but sometimes differing considerably this (see Greenwood, 1956), as in some hybrid maize (50% amylose), some peas (80% amylse) and waxy maize or waxy rice (100% amylopectin; Sprague et al., 1943).


Both amylopectin and amylose consist basically of glucose residues linked, entirely in amylose and predominantly in amylopectin, by 1: 4 glucosidic links, the repeating unit being maltose (4 glucosidoglucose).  This linkage results  n a twist in the molecule, and, if sufficient molecules are linked by it, in a helix with a complete turn about every six glucose units.


Amylose consists of some 200 - 500 glucose residues linked as above, giving a long helical molecule with, at one end, an uncombined C-1 hemiacetal group and, at the other, non-reducing C-4 hydroxyl group.


Amylopectin consists of over 1000 glucose residues.  In addition to the 1:4 links giving a helical chain, the chain branches at intervals, the branches originating at the 6 position on the glucose group by a 1: 6 glucosidic linkage and being themselves branched by the stem linkage.  On average there is a branch about every 20-25 glucose units.  If we may use a botanical analogy of, say, a felled tree for the structure, then there  at the root end of the trunk of uncombined C-1 hemiacetal group; at the end of each branch and twig, including the main stem, a C-4 hydroxyl group.  In using such an analogy we must remember of course that trunk, branches and twigs in our amylopectin molecule are all the same thickness - a helix of glucose units.


A small amount of phosphorus occurs in both amylose and amylopectin, combined as glucoese-6-phosphate in about 1 in 200 - 400 of the glucose residues, a relic of the synthetic pathway (Postermak, 1951).


Starch is progressively broken down in the respiring cell by phosphorolysis, in which the non-reducing glucose groups (i.e. the groups with the free C-4 hydroxyl) at the end of the amylo0se or branches of the amylopectin molecule are split off, in combination with inorganic phosphate, through the mediation of a phoshorylase, to give glucose-1 phosphate and a slightly shorter amylose or slightly pruned amylopectin molecule.  The process in then repeated on the new end groups formed in the reaction.  The subsequent pathway of the glucose-1 phosphate is then as shown in Table.

	Reaction
	Enzyme

	Starch + P = glucose-1-phosphate + starch residue
	Phoasphorylase

	Glucose-1-hosphate=glucose-6-phosphate
	Phosphoglucomutase

	Glucose-6-phosphate=fructose-6-phosphate
	Phosphohexoisomerase

	Fructose-6-phosphate-fructose-1; 6-diphosphate + ATP
	6-phosphofructokinase



Starch may also be broken down to its maltose units by hydrolysis, a reaction responsible for mobilization in, for example, germinating cereal grains.  Some of the products of this hydrolysis are no doubt respired, via breakdown, to glucose, phoshorylation and isomerization to fructose diphosphate, but it is not the main pathway of utilization of starch as a respiratory substrate.  Hydrolysis of starch will be described.


The phoshorolysis or hydrolysis of starch to glucose-1-phosphae or maltose represents no loss in the energy value of the commodity.  This occurs in the subsequent breakdown by the pathways illustrated in table.  We may take the approximate value for the energy which could be supplied by 1 kg of grain at a moisture content of 13 per cent as 15 MJ.  The raes of respiration, at this acceptable moisture content, of  various grains, given in table, are equivalent to losses of starch o 0.39 g kg-1 yr-1 in oats, 0.58 g in rye, 0.78 g in barley, 0.98 g in wheat and rice, 1.76 g in sorghum and 2.92 g in maize.  The loss of available energy supply from 1 kg of grain thus ranges from about 6.2 kJ in oats to about 46.5 kJ in maize, per year. The percentage loss in the energy which could be supplied by grain as harvested, in a year, assuming a moisture content of 13 per cent, would be about 0.04 in oats, 0.06 in rye, 0.085 in barley, 0.105 in wheat and rice, 0.19 in sorghum and 0.31 in maize.  These figures have been based on measurements of respiration at 37.6ºC.  They would be less at lower temperatures - Bailey and Gurjar (1918) found at Q10 of about 1.8 in wheat from 4ºC to 35ºC - and would differ at different moisture contents.


Similar calculations for the other commodities listed above show them to compare very unfavouraby with grain in respect of the retention of value as energy - supplying foods.  We may take the figures of Paul and Southgate (1978), rounded off, for the energy which could be supplied; potatoes, 3.7 MJ kg-1, sweet potatoes, 3.85 MJ kg-1; yams, 5.6 MJ kg-1; plantain bananas, 4.75 MJ kg-1.


The figures for rates of respiration in table indicate that potatoes at 10ºC might be expected to be losing energy value at a rate of 0.7 - 0.8 per cent month-1, some 450-500 times the rate of loss to be expected from wheat (moisture content 13%) at the same temperature.  Similarly, sweet potatoes at 20ºC could lose nearly 1 per cent of their energy value per month, 250-300 times the probable loss from wheat at 20ºC; while plantain bananas, if we take their rate of respirat5ion to be that of green bananas at 20º, would lose over 5 per cent of their energy value per month, some 1400 times the loss from wheat.


The above calculations quantity the general statements in Chapter 1 as to the value of cereal grains as staple food crops and the comparatively short-term value of other crops.

Lecture 9

Changes in the utilizable nitrogenous constituents


The value of food crops as sources of datary N has been discussed in Chapter 1.  There is no overall loss of the nitrogenous components during storage, except when growth is resumed in perennating organs, and N compounds are Tran located to the new growth.  There will be, a discussed above a turnover and possible rearrangement of the nitrogenous substances, but this is of dietary importance only if it results in a net loss of essential amino acids, either free or combined in macromolecules, particularly of the amino acids which may limit the nutritional value of any particular crop for example, lysine in wheat. 


Turnover and change of constituents in dry grains could be expected to be very slow.  There is, however, a decreasing trend of no known dietary significance, in the proportion of water-soluble N compounds in wheat during storage up to 16 years (Jones and Gersdorff, 1941; Kozlova & Nekrasov, 1956).  Storage for a few years, at recommended moisture contents has been found to have no significant effect on the nutritive value of protein from what (Mitchell and Beadles, 1949;  Yannai and Zimerman, 1970), rice (Yanna and Zimmerman, 1970).  On the other hand Dobczynska (1966) reported lossess of lysine from wheat, even under good storage conditions, though greater in moist grain at high temperatures.  This introduces a contradiction which needs to be resolved.


In the potato, Talley and Porter (1970) found  random changes in free  amino acids, the only one two show a consistent change being roline, the content of which increased late in the storage season - a change also observed by Heillinger and Breyhan (1959), Breyhan et al.  (1959) and Heilinger (1961).


In general, post-harvest changes in the N fraction of those food crops which are important sources of dietary N appear unlikely to have any great effect upon nutritive value during the normal period of storage.  The changes may however be important in other respects, particularly in connection with germination and growth. 

Changes in the content of vitamin C


Vitamin C includes both ascorbic acid, emprical formula C6H8O6, and its oxidation product dehydroascorbic acid, empirical formula C6H6O6, both being antiscorbutic.


The two forms are readily interchangeable, the two-stage oxidation of ascorbic acid, via the unstable mono-dehydroascorbic acid, being catalysed by any of several oidases - ascorbic acid  oxidase, cytochrome oxidase, 0-diphenol oxidase, p-diphenol oxidase and peroxidase, for example.  Of these, ascorbic acid oxidase catalyses direct oxidation by molecular O2; the others catalyze the oxidation of their specific substrates, the ozidized forms of which then react with the ascorbic acid; or, in the case of peroxidase, hydrogen peroxide is the oxidizing reactant produced.  Reduction of dehydroascorbic acid to ascorbic acid can be by reaction with glutathione, catalysed by dehydroascrohbic acid reductase, oxidized glutamine being the other product.  Glyutathione can then be regenerated by reaction of its oxidized for with reduced nicotinamide-adenine di9nucleotide phosphate.


The ease of oxidation of ascrobic acid, and its ready reversal, have led to suggestions that it may function in the plant as a means of electron transfer, in for exaple, the respiratory chain Mapson (1970) has suggested thsat it might also act as a hydroxylating agent.  The proportions of the oxidized and reduced forms in plant material are variable, but the balance usually falls much on the side of the reduced form, possibly because of the presence  of substances which will chelate the oxidases (jackson and Wood, 1959; Mapson, 1970).  In the potato, the reduced form predominates to a very great extent (85-100%; Lampitt et al., 1945b); while in immature ap0ples, Zilva et al., (1938) found half the vitamin C to be present in the oxidized form, this proportion falling, as the fruit matured, to about 5 per cent.


The balanced oxidation and reduction of ascorbic / dehydroascorbic acids leads to no loss of vitamin C.  Loss can occur, however, by the irreversible conversion of dehydroascorbic acid to 2, 3 dioxo-L-gulonic acid, which is then further metabolized.


ascorbic
dehydroascorbic

2,3-dioxo-L-gulonic 


The reaction is very pH dependent, being slow in acid pH, rapid at neutral pH and extremely rapid at alkaline pH.  We would thus expect the cellular environment to be less favourable for the loss of vitamin C in citrus fruit (pH 3-4 in oranges, though rising to 5 in overripe oranges; 2 in lemons; Sinclair, 1961) than in potatoes, another major dietary source (pH 6).  Most observations would appear to bear this out in practice.  French and Abbott (1940) found a slow loss o vitamin C during storage of oranges and grapefruit for 5 months at c. 5.5 ºC.  The rate of loss is higher, the higher the storage temperature (Bratley, 1939), an effect associated also with a loss of total acidity (ibid).  Despite this appreciable effect of temperature, Kefford (1966) concluded that, under normal commercial conditions, loss of vitamin C was unlikely to exceed about 10 per cent (but cf. the 40% loss in 8 weeks from rangerines at 7-13ºC, Brately, 1939).  In lemons, even at c. 13ºC Eaks (1961) found loss to be negligible after 3 months, although significant at 24ºC.


Most investigators have found the behavior of the stored potato tuber to be very different from that of citrus fruits with respect to loss of vitamin C.  The old results of Zilva and Barker (1939) are illustrated in table and are typical of findings in general (e.g. Shekhar et al., 1978; Panitkin et al., 1979).  There is typically a rise during growth in the content of ascorbic acid with advancing maturity until shortly before normal harvest;  thereafter a fall (Lampitt et al.,  1945a; ).  This is mirrored in the constant in freshly harvested tubers.  Loss from immature tubers is very rapid during the first weeks of storage, but from fully mature tubers comparatively slow.  Whatever the maturity at the time of harvest, 8-10 months storage at 10ºC results in a final content of only about 8-9 mg/100 g.  The absolute values differ in different cultivars, at least at the time of harvest - Zilva and Barker (1939) noted that cv. Majestic contained less ascorbic acid than cv. King Edward - and the relative rate of loss during storage may be influenced by this and by  cultural conditions, in particular the form of potassic fertilizer.  The only investigator to produce results differing from the above general picture has been Muller (1975), working on 28 cultivars stored at 8ºC.  The content at harvest was low, averaging only about 19 mg/100g (cf. the values of Lampitt et al., 1945b, for 10 cultivars), and during the first 4  weeks of storage there was on average little loss. In this the results of Muller do not differ markedly from those of Zilva dn Barker on fully mature tubers.  After 10 weeks storage, however, Muller found negligible loss in many cultivars in contrast to the 40 per cent loss found by Zilva and Barker.


The effect of temperature upon loss of Vitamin C from the potato tuber is not clear-cut, and may often be the reverse of that in citrus fruit.  Synthesis, as well as loss, of ascorbic acid can occur in harvested material - for a discussion of the synthetic pathway in plants, the details of which are still uncertain, Mapson (1967a), Loweus (1971) and Gander (1976),  Barker (1950) found the content of ascorbic acid to increase in tubers sweetening at 1ºC.  The effect was temporary (18 days), the content subsequently falling, and Barker and Mapson (1950) found eventually less ascorbic acid in tubers stored at low temperature than at higher temperatures - an effect also noticed by Mayfield et al.,  (1937), Rolf (1940), Wolf (1941), Karikka et al. (1944) and Murphy (1946) over the range 1-15ºC than at higher 15ºC or 1ºC.  These effects of temperature are influenced by factors such as the duration of storage prior to placing at a low temperature (Barker and Mapson, 1950) and the partial pressure of O2 in the storage atmosphere (Barker and Mapson, 1952).


Citrus fruits and potatoes represent the major sources of vitramin C which are sorted for any length of time and in which, therefore, post-harvest loss could be of great significance.  Soft fruits have a high content of the vitamin but consumption is usually too small for them to have a great impact on average intake, and they are sorted only for very brief periods in the course marketing.  Of these, blackcurranjts have a particularly high vitamin C content - Paul and Southgate (1978) gave a range of 150-230 mg/100 g - sand were found by Green (1971) to lose 7 per cent of this during storage at an unspecified temperature for 24 h.


Mangose are good sources of the vitamin and may be harvested unripe and stored at tropical temperatures to ripen.  Under such conditions losses may be serious - Agnihotri et al., (1963) found a drop from 22 to 10 mg/100 g in 17 days at 32-38ºC.  At lower temperatures losses could be expected to be less. Sddappa and Bhatia 91954) reported a 10 per cent loss, from an initially high content of 71 mg/100 g, in 6 days at 24-26ºC.  The fruit harvested ripe can also be subjected to serious loss of vitamin C (Yagi Iet al., 1978).  Similar losses can occur in cassava, another tropical source (e.g. Ogujnsua and Adedeji, 1979).


The behaviour of leafy vegetables and similar commodities with respect to loss in vitamin C is variable.  Olliver (1967) stated that the content of the looser forms of green vegetable, such as spinach, fell rapidly after harvest, but that a head of cabbage with tightly packed leaves could be stored several days without loss.  A logical reason for this is not obvious, unless increased loss is related to wilting, but the statement is consistent with the finding of Langerak (1978) that endive could lose nearly half its content of vitamin C in 2 days at 10ºC, while Fritz et al. (1979) found little loss from cauliflowers.

None of the losses reported above need necessarily impair the functioning of the plant material - the concentration of ascorbic acid in the cells seems in excess of that required for such activities as electron transfer, in which its participation may be limited more by oxidase activity than by lack of ascorbate.

Lecture 10

Continued development and changes in quality

Changes in the content of thiamine (vitamin B1) and nicotinic acid


Both thiamine and nicotinic acid are active and essential intermediaries in plant metabolism.  We have already encountered nicotinic acid in Chapter 5, in the form of its amide, nicotinamide, combined in the oxidized and reduced forms of nocotinamide-ademine dinuleotide and nicotinamide-adenine dinucleotide phosphate.  Its fundamental importance of the functioning of living plant material will have become obvious.  Thiamine was not mentioned in that few of the many enzymes concerned in respiration were noted.  


In general, it would appear that in stored material which continues to metabolize, with the requirement for the participation of thiamine and nicotinamide compounds, marked loss of these vitamins is unlikely, except that resulting from translation - or degradation, translocation and resynthesis - to regions of more rapid metabolism.  The slow rate of metabolism of cereal grains admittedly would necessitate little retention, but on the other hand would provide little stimulus for degradation and redeployment.

Lecture 11

Changes in CBH content in cereal grains


Depending upon the moisture content, the sugar content normally increases during storage of cereal grains under optimum storage condition and when stored at low temperature changes in sugars content is negligible but at high moisture the increases in sugar content is mainly due to microbial activity rather than due to physiological processes but when grains are stored in high N2 or high CO2 atm the microbial attack can be prevented and so a little change in sugar content can be accomplished. If the storage condition is had moist palches on the grains may lead to irregulat swelling and irregular respiratory activity also when moisture content is sufficiently high germinates may also start. Starch in mobilized in endosperm and this mobilization is not by phoshorylysis but by hydrolysis catalysed by amylase enzyme. The presence of -amylase reduces the baking quality of such of those that are used for baking. Senescent sweetening occurs in grains due to the activity of phosphorylases of hydrolysis. It is a phenomenon that is occurring during long storage of grains resulting in increased sugar content. Conditions therefore should not exist for the activity of phosphorylysis and hydrolysis. The hydrolytic cleavage of starch is catalysed by a set of amylases. -amylase is of wide occurrence but -amylase plays major part in starch hydrolysis of germinating grains that is not present prior to the  initiation of germination. it is formed by de novo synthesis in the aleurone layer. It is the early stage of germinate process GA is the hormone that activates the aleurone layer. It is synthesized and activated in the embryo and moves to the aleucone layer where it enhances the m-RNA responsible for the synthesis of -amylase is sufficiently produced it attacks, the helical structure of emplopectin. The molecule is  cut into oligosaccharides of 6-7 glucose units of then converted into maltose. In the case of amylopectin, iso maylase chains splitting the -1,6 linkage -amylase attacks the end molecules of amylose and amylopectin by progressively splitting of maltose from the amylose or amylopectin chain. At 1,6-linkage point in emylopectin, -amylase cannot act whereas isoamylase or -amylase can act at these levels. The eventual product of hydrolytic cleavage of starch is maltose that is broken decon to glucose by -glucosidase maltase. The glucose also can be converted to fructose and then to sucrose by maintaining an equilibrate mixture of monosaccharide and disaccharide. 

Change in cereal nitrogen 


In bread making cereals are the composition of nitrogen is important. The mixing time of doughs and also the loaf volume in flour some hard wheat for bread making the H2O soluble at pH 4-7 gluten protein. This gluten problem determines the baking seqt. and load volume potential. Other H2O soluble proteins are irrevelant. Gluten is further fraclionalises into glutences that is insoluble in 70% alcohol and then gladina that is soluble in 70% alcohol. The composition of this two are responsible for bread quality. Immediately after post harvest storage, some changes in gluten content taken place that leads to changes in bread making quality. This change in bread making quality due to change in sulf hydral group in proteins. But after a certain period of storage, very little changes is noticed for other 7 or 8 years of storage despite some small decreased in H2O soluble proteins. 

Change in potato glycoalkaloids 


Potato tubers contain a small quantity of solanidine an six other glycoalkaloids in the range of 2-19 mg/100 g fresh weight. The frost resistant bitter; var are having more glycoalkaloid but the excess alkaloids are leached out of the tubers are washed because the alkaloids are present in the prephery of potato tubers. If the potato tubers are stored in dark the alkaloid content, does not change but when tubers are stored in visible spectrum the red light will accelerate the synthesis of alkaloid and more accumulation will take place. The earth surrounding the tubers gives the darkenss and accumulation of alkaloids is prevented. But are earth is removed by washing, the alkaloid may start accumulating. Alkaloid content also increased with temperature and physiological state of tubers. But more alkaloid content is periphery is removed during peeling of skin and washing during cooking. 

Proteins degradatin in harvested leaves 


In leaf tissues upto 2% total protein have been turned over per hr in a continuous process of degradation and resynthesis. As the leaf age increases, the ability to synthesis proteins declines but the rate of degradation of protein increases that is associated with increased proteolytic activity. When leaves are attached to pits the products of proteolysis will be transferred to other plant parts but in the case of harvested materials the broken down products will accumulate as the transport channel has been cut off. In detached leaves, the supply of substrate is stopped and even enzyme is proteolysed. The ribunuclease actively at the same time may increased in the detached leaves with will … on the RNA content and convert into simpler nuclease acids. It is followed by the disappearance of ER and tonoplast membrane. 

Lecture 12

Changes in lipids


The membrane disorganization changes the composition of lipids during storage with leads to rancidity. Fats are main esters of glycerol and triacyls with fatty acids with even no.of C atoms  (usually 16 or 18). The saturated fatty are palinitic acids with 16 carbon,  strease acid with 18 carbon. 

CH3 (CH2)14 COOH -  palmite acids 

CH3 (CH2)16 COOH - Stearis acid 

Oleic acid - CH3 (CH2)7 – CH = CH – (CH2)7 – COOH 

Linoleic acid -- CH3 (CH2) – CH = CH – CH2 – CH = CH (CH2) – C (18:2)

Lineolenic acid  CH3 – CH2 – CH = CH  CH2 = CH = CH – CH2 – C4 (CH2) – COOH (18:3)


The hydrolysis of fats is mediated by enzymes lipases as well as esterases. This occurs during storage or cereals and nuts releasing free fatty acids and glycerol. Both these are metabolized to sugar in the case of fatty acids they undergo a no. of reactions by  - oxidation and also by  - oxidation. By direct addition of oxygen  it can undergo hydroxylation by lipoxygenase enzyme. Due to these enzyme activities the rapidity develops. A  general upward trend in the release of free fatty acids is found in wheat with the length of storage period. Even under optimum storage moisture of 12% the free fatty acid content will be doubled at 20°C as compared to those stored at 5°C. But further reaction to give a rancid   . . . . . is unusual in the case of cereals because of the presence of anti oxidants in the cereal grains itself. After hulling the rancidity. Increases in rice because the antioxidants are also removed. But in the case of polished rice the embryo containing the lipid also is removed. In finely polished rice the question of rancidity  does not occur. In wheat the increase in free fatty acids and also the presence of unsaturated fatty acids well affect the quality of bread making. 

Membrane lipids 


Nearly 20 to 50% of the membrane dry weight is made of lipid. The glycerol molecule is having 3 carbons. The first carbon is having a group other than fatty acids. This non fatty acid compared will be a phospholipid like choline serine ethanolamine. It is the case of glycolipids the first C of the glycerol may be having a sugar. In sulpholipids sulphonic acid will be presence the 1st hand. The membrane lipids are also subjected to the activities of hydrolytic enzymes like esterase. 

Lecture - 13

Changes in chlorophyll content


The loss of chlorophyll will cause undesirable effect in leafy materials of desirable effects in ripening first. In vegetables the loss indicates the length of storage of loss of quality. Once the chlorophyll disappears the yellow carotenoids will be exposed that are less susceptible to break down. So the senescing leaves and the ripening fats become yellow because of the disappearance of chlorophyll. It stored in light the chlorophyll degradation is slow but in darkness the loss of enzymes substrates of PS will aggravate the chlorophyll break down. 


The inactivate of cytochrome in darkness also in responsible for disappearance of protective mechanism. Apart from loss of chlorophyll the new synthesis of chlorophyll during storage also is undesirable as in the case of greening of potato tubers. The greening of potato tubers is activated by the phytochrome due to the exposure of tubers to light. Once produced the green colour is not easily lost during further storage. 

Chlorophylls: Chlorophyll content is more in immature fruits having greater chlorophyll a/b ratio and undergoes loss of greenness due to chlorophyll degradation. Chlorophyll a is highly susceptible to degradation than chlorophyll b (Chichester and Mc Feeters, 1971).

Chlorophyll degradation


Splitting of phytol by chlorophyllase





result



in fact porphyrin chlorophyllide





(no colour change)


but loss of Mg++ from prophyrin together with loss of phytol





result



Phaeophytin (colour with change but not disappear)

Kinetin delay the process of chlorophyll degradation is several fruits like banana, tomato and litchi (Jaiswal et al., 1987).

Carotenoids: Integral part of the photosynthetic apparatus in green immature fruit tissues maturation in atleast some fruits involves an accumulation of carotenoids. Young fruits possess mainly foliar carotenoids like lutein and neoxanthin which at maturity decline (Laval – Martin et al., 1975). eg. Tomato is normally dominated by lycopene and  - carotene mature citrus – 115 carotenoids (i.e). In addition to C40, citrus peel contains C30 component like tangerines and citraurin (major component for bright orange and red colour of oranges) (Stewart, 1977).

Anthocyanins: Flavonoids including anthocyanins are phenolic in nature and anthocyanins are -glycosides of six principal anthocyanidine. At low pH anthocyanin solutions are red and at high pH they turn blue or purple. Their blue colour is attributed to metal complexes and copigmentation (Van Buren, 1970). Anthocyanins accumulate progressively in course of ripening.

Lecture – 14

Ethylene As A Ripening Hormone


Mature bud unripe fruits could be ripened by applied ethylene, and self-ripening fruits produced ethylene during the ripening period. The rate of ethylene production precedes the rise in respiration rate (Grierson et al., 1981). In most fleshy fruits, the onset of ripenings is preceded by an increase in ethylene production. Ripening is delayed by treatment which can actually remove ethylene from within the tissues of preclimacteric fruit and C2H4 production was reduced by anaerobics. Ethylene synthesis was controlled when preclimacteric bananas were held at O2 concentrations between 1 and 7.5%. In this range there was no damage to the fruit (Mapson and Wardale, 1971). Fruits fall into several classes in their ripening response to ethylene.

Eg: Mango: Significant concentration of ethylene may be present sometime before ripening, but the response to ethylene is inhibited until after the fruit is harvested.

Apple: A step in ethylene synthesis may be inhibited by a produce from the parent tree. When detached from the tree, the inhibitor presumably disappears and the rate of ethylene production rises.

Banana: Effective ethylene concentration may be present in the unripe fruit, but the fruit is insensitive to that concentration at that stage of its development, as the fruit matures, it becomes more sensitive and ripening ensues when sensitivity matches, the endogenous C2H4 content.

Tomato and Melons: Ethylene production, ripening and senescence occur at about the same age from anthesis, regardless of age of harvest.


So, it appears that the basic ethylene forming mechanisms exists and operates at a low level, but it is not fully activated until the fruit reaches a critical physiological age. Immature fruits cannot be ripened by C2H4 treatment.

Use of ethylene in commercial fruit ripening


Successful use of C2H4 requires mature fruit, an adequate concentration and duration of treatment, favourable temperature and an atmosphere neither too low in O2 nor too high in CO2. C2H4 i.e., now used commercially for very few crops. eg. In Banana and in citrus to remove the green colour. Tomatoes which are often picked mature green for market.

Biochemical effects of ethylene


Jones (1968) showed that ethylene enhanced the apparent activity of -amylase by barley aleurone cells when GA was present in almost all the fruit crops.

· Potatoes and parsnips treated with C2H4 show an increase in PPO activity but not in peroxidase.

· Carrot, turnip and radish showed either effect. Sweet potato showed an increase in both (PPO and peroxidase).

Scope of ethylene production: Every individual fruit contained atleast 0.04 ppm  ethylene within its internal atmosphere whereas the content of ethylene in the external atmosphere was too low to be detected. It is important whether the internal concentration of the gas is at a physiologically active level prior to the onset of the climacteric. A few hours after the fruits were harvested they contained detectable ethylene. The internal ethylene content rose to 0.04 to 0.05 ppm as the fruits entered their respective climacteric and towards its peak there occurred an abrupt burst of ethylene evolution which coincided exactly with the period of rapid colour development and fruit softening. Therefore between 0.02 to 0.08 ppm ethylene is present in the fruit at the onset of the climacteric.


Application of ethylene to navel oranges, a non-climacteric fruit causes the O2 consumption to increase to values which are related at their maximum to the log of the applied ethylene content throughout the range from 0.1 to 100 ppm. So the response of climacteric and non-climacteric tissues to applied ethylene is different. The rates of ethylene production reported for non-climacteric tissues such as oranges and potatoes are very small. So lower concentrations of applied C2H4 regulate the intensity of the respiratory maximum which they induce, and therefore, it is unlikely that the respiratory rise is accompanied by a substantial increase in the rate of C2H4 production of ethylene accumulates within a preclimacteric fruit to a concentration which can be shown to hasten the respiration and ripening of that fruit, it follows that the gas functions as a natural ripening hormone. In case of bananas this pre-requisite satisfied and the gas is a normal and perhaps mandatory stimulus for the ripening processes. The minimum dosage of C2H4 which hastens ripening of Gros Michel banana is between 0.1 and 1 ppm.


Inhibitors of ethylene biosynthesis (such as AVG) or of ethylene action (such as CO2 or Ag+) have been shown to delay or even prevent ripening.

Effects of Hormones Other Than Ethylene


There are several conflicting and confusing reports on the effect of other plant hormones on ripening.

Auxin: Vacuum infiltration of auxin delayed ripening of banana but dipping of whole fruit in auxin solution advanced fruit ripening due to localized ethylene production in the peel promoting ripening in the pulp (Vendrell, 1969).

IAA acts both as an inhibitor of ripening and a promoter of ethylene biosynthesis. Infiltration of pre-climacteric pears with IAA or 2,4-D inhibited ripening (Frenkel, 1975).


Slow decrease in IAA during pre-climacteric period under the influence of IAA oxidase, the activity of which increases during early stages of ripening leading to accumulation of oxidation products like methylene – oxindole which acts as a ripening promoters.

Cytokinins and GA: Affect colour changes more significantly than other aspects of ripening as in cases of citrus, banana and tomato. They control the chloroplast senescence but not on the whole ripening process.

ABA: Stimulate ethylene production in pre-climacteric apples, tomatoes and banana and grapes. Its endogenous level has been shown to rise during ripening of several climacteric fruits like pear and avocado. It promotes ripening of both climacteric and non-climacteric fruits.

Ag: At non-toxic concentrations inhibits ripening of banana and tomato fruit tissues and the inhibition is not reversed by exogenous ethylene (Saltveit et al., 1978).

Post harvest treatments on shelf life of amrapali mango


Fruits treated with Bavistin 500 ppm and kept in perforated polythene bag and GA3 50 ppm + perforated polythene bag could be stored well upto 11th days with minimum spoilage loss and the process of ripening was delayed. This slow pace of ripening due to GA3 treatment might be due to consequent restriction of ethylene accumulation in the fruit tissue. Ripening in fruits generally does not proceed until ethylene is accumulated in the fruit to a stimulatory level. Effect of GA3 in retaining pulp weight might be due to slow rate of transpiration, respiration and bio-chemical changes (Ahmad and Sanjay Singh, 1999).

PGR's on potato (Khurana and Randhawa, 1985)


Use of sprout inhibitors namely esters of NAA decreased the sprouting. MH inhibits sprouting. Application of MH altered the fatty acid composition of phospholipids fraction which may be an important factor contributing to sprout inhibition. CIPC (carbamate group of chemicals) @ 0.5% as dip helped to store the commodity for 3-4 months important property of fumigation which allows it to penetrate into the tubers.

Post harvest treatment of onion

· Spraying of MH-40 @ 1000 – 2000 ppm beneficial to reduce sprouting and rotting in onion bulbs (Isenberg and Ferguson).

· Curing of onion for 4 days in field by wind row method followed by curing in shed for 21 days before storage improved the storage life of onions (Ranpise et al., 2001).

Pre and post harvest treatments on storage life of sapota fruits


Pre and post harvest application of GA3 100 ppm extended the storage life (36 days), reduced PLW and rotting percentage of sapota. Post-harvest application of bavistin 1000 ppm extended shelf life and reduced the spoilage of fruits; but the acidity of fruits increased compared to control (Bhanja and Lenka, 1994).


A post harvest dip of banana fruit into the aqueous solution of ABA and IAA increased the banana ripening while treatment of bananas with GA and kinetin, retarded banana ripening as indicated by high values of firmness, starch, cellulose and hemicellulose (Madhava Rao and Rama Rao, 1980).


The higher values of firmness with bananas treated with GA and kinetin were most probably due to the retarded degradation of polymers like starch, cellulose and hemicellulose. ABA and IAA promoted degradation of the polysaccharides, leading to enhanced softening by the fruits. Huet (1956) observed that flesh softening in bananas was inversely related to the production of compouns insoluble in alcohol (i.e.) cellulose, hemicellulose. Secondly the changes in the nature of proteins brought about by kinetin and GA might have influenced the cellular capacity to resist the degradative changes and ripening of bananas.

PGR's ON REGULATION OF FRUIT ENZYMES


ABA introduced through the stem of 'Pine apple' and 'Valencia' oranges stimulated cellulase activity in the separation zones. 200 ppm ABA introduced through the stem increased cellulase in the Valencia oranges while both 20 ppm and 200 ppm ABA increased cellulase activity in 'Pine apple' oranges. Ethylene production was increased when ABA was induced through the fruit stem which lead to increased cellulase activity (Rasmussen, 1974).

Effect of growth regulators on cellulase, polygalacturonase, respiration and ripening tomatoes


Cellulase activity in the young fruit increased steadily during the maturation period. Growth regulating substances only moderately affected the onset of the climacteric rise, but markedly influenced the time interval to reach the climacteric peak. Enzyme activities of cellulase and polygalacturonase were accelerated by ethephon and SADH and delayed by GA and IAA. After 14 days PG activity in the control fruit was 25 times greater than in fruit treated with GA. Cellulase activity in GA treated fruit increased steadily during this period (Babbitt et al., 1973).

Hormonal Regulation of hydrolytic and oxidative enzymes


The treatment of banana fruit with ABA or IAA markely enhanced the activities of  - amylase, starch phosphorylase, acid phosphatase, catalase an peroxidase while GA and kinetin retarded the activity of all the five hydrolytic and oxidative enzymes (Desai et al., 1984).

GROWTH REGULATORS ON RIPENING

EFFECT OF GROWTH REGULATORS ON RIPENING


Plant growth regulators have been extensively used in horticultural crops, especially in fruit crops for manipulating growth and development. The study of the influence of growth regulators in a crop like banana is of particular interest and the various gradation of seediness is due to inter play of endogenous growth substances.

i) Auxins : Auxins play a vital role in growth pattern, by mobilizing the soluble carbohydrates to the fruits. They also accelerate the accumulation process of food materials in fruits besides hastening the maturity.

ii) Gibberellins : Application of GA delayed ripening. GA induced enzymes synthesis and delayed the degradation of chlorophyll during ripening. Further a reduction in ethylene production was observed in banana slices which were vaccum unfittered with GA3 and delayed the loss of chlorophyll.

Application of GA during ripening had resulted in greater retention of acidity but caused considerable decrease in sugar content. This decrease may be attributed to increased respiration rate. GA retarded the rate of ripening and promoted longer storage life and better quality. This may be ascribed to the controlled activities of hydrolytic and oxidative enzymes and inhibiting ethylene production.

Cytokinins : A negative correlation was found between the rate of ripening and endogenous cytokinin level, on the onset of ripening, the level of cytokinin decreased and finally no detectable cytokinin could be assayed to later stages, in all cultivars. This decrease may be due to increase in inhibitory substances during ripening.

Inhibitors : In inhibitors level increased and reached peak at climacteric stage and thereafter the level decreased so inhibitor might have enhanced the ripening process. Ripening of banana was achieved by ABA treatment.

EFFECT OF GROWTH REGULATORS ON QUALITY OF FRUITS


Quality of fruits is assessed based on certain parameters namely total soluble solids and sugar / acid ratio.


The total soluble sugars increased in ripe fruits irrespective of growth regulators. Acidity in fruits reached a peak during development and declined during ripening. This may be due to the utilization in respiration, sugar / acid ratio decreased with 2,4-D at 20 ppm and GA3 at 50 ppm and increased at 2,4-D at 30 ppm. This indicates the selective action of particular concentration of growth regulators on banana.
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Environmental factors affecting dormancy

Temperature 


The change in balance of growth substance is largely influenced by temperature. Both the minimum and maximum temperature after the dormancy. At the end of endodormancy growth occurs at optimum temperature . The optimum temperature for potato is 20°C. But in the case of onion, the optimum temperature was found to be in the range of 9-16°C. End dormancy ended in the case of onion immediately if the seeds were kept at 0°C. But in the case of garlic endodormancy removed at 5°C if both onion and garlic are stored at high temperature, the dormancy period is sufficiently longer. If the seeds are stored at 0°C for 4-8 weeks and then planted in moist sand at 11°C where rapid seedling emergence was noticed. 

Moisture 


The moisture is temperature for dry seeds and also fruits. After endodormancy is over the growth can star when imbibed moisture is 37%. But low moisture absorption as a result of equilibration at humid atm cause loss of viability and render the grain unsuitable both for germination and also for malling. The storage of polate tuber in humid atm may also lead to breakage of domranyc. 


Composition of the atmosphere: In the case asparagus, elongation is inhibited if the stored at 5°C at 5-10% CO2. In the case of button mushroom elongation can be suppressed by storing at high CO2 atm. Potato sprouting can be controlled by storing at Co2 atm of 15-20%. But same potato was stored at CO2 atm of 2-9%. Sprouting in enhanced. But anaerobic condition can inhibit sprouting growth in potato. 

Lecture – 16

Environmental factors influencing post-harvest deterioration of fruit and seeds

Introduction

Fresh fruits, vegetables and fruits must be in excellent quality if maximum shelf life is needed. Best quality exists at harvest. Quality cannot be improved, but only maintained. Shelf life begins at harvest. Commodities which are to be stored should be harvest at optimum temperature / maturity. Shelf life may be reduced if harvested immature / over mature. Commodities to be stored should be free from skin breaks, bruises, spots, rot, decay and deteriorations. Fresh fruits, vegetables, flowers that are infected with pathogens – prior to storage – decay / rot during storage and transportation. Lots, which are free from infection – long-term storage.

Deterioration of fresh commodities can result from

· Physiological breakdown

· Water loss

· Temperature injury

· Physical damage

· Invasion by micro-organisms

Fresh fruits / Vegetables / flowers – highly perishable because they are alive

Water / RH

· Fresh horticultural. commodities are unique packages of water. Freshness is water and in fact freshness sells. Water loss is the main reason for deterioration of fresh commodities.

Effect of water loss

· Shriveled appearance

· Loss of water causes reduction in weight.

· Desiccation Eg., Wilted leafy vegetables – needs trimming for marketability

· Grapes shatter from clusters of branches if stem gets dried.

· Seriously shriveled fruits / vegetables / flowers are unmarketable.

Factors affecting water loss

· Relative humidity.

· Temperature  of the  produce.

· Surrounding atmosphere

· Air velocity

Maintaining high RH

·  It is very difficult but refrigeration removes moisture. Hence humidification devices can be used. This will keep floors wet. Enveloping in plastic films will help to maintain the relative humidity of the fruits and vegetables.

Respiration / Heat

· Respiration rate of produces determines its transport and also its shelf life. The stored food reserves are lost. Loss of food value, flavor, and salable weight also occurs. Respiration is related to temperature. Increase in temperature also increases the respiration rate.

Temperature management

· For each 18oF increase above optimum temperature the deterioration rate doubles / triples

Eg. Optimum temperature for Cabbage is 32oF and for Sweet Potato is  55oF.

Temperature injuries

· Bleaching

· Surface burning

· Uneven ripening

· Excessive softening

· Dessication (water loss)

Chilling injury

· Occurs at temperature at temperatures above freezing point. Cucumber, pumpkin, squashes, potato, sweet potatoes, mature – green tomatoes are prone to chilling injuries.

Symptoms

· Pitting

· Surface decay (Cucumber)

· Internal browning (Apples, sweet potatoes)

· Surface scald (egg pl)

· Objectionable flavor (water melon)

· Water soaking (ripe tomatoes)

· Poor color when ripe (mature – green tomato)

· Sweetening (potato)

· Hardness when cooked (sweet potatoes)

Management practices

· Harvest during coolest time of day. Morning is best-suited time. Keep harvested produce / loaded in a vehicle in shade. During transport cover with tarpaulins. Grade, sort and pack with TLC.Thoroughly cool as soon as possible. Maintain proper storage / transit temperature.

Estimated rates of gaseous diffusion thro' integuments of Pl. organs

	Plant material
	Rate of diffusion
(cm3 kg-1 h-1 per 1% gradient)

	1.
	Apple
	1.8 – 3.7

	2.
	Banana
	

	
	a) Preclimatric
	7.5

	
	b) Climateric
	13.5

	
	c) Eating type
	5.5

	3.
	Mango
	8.3

	4.
	Orange
	2.7

	5.
	Tomato
	4.0 – 4.1

	6.
	Potato
	0.8 – 1.0


Composition of Oxygen & Carbondioxide in peripheral intercellular space atm.

	Plant material
	Composition of Atm.

	
	Oxygen
	Carbondioxide

	1.
	Apple
	16.4 – 18.7
	2.7 – 5.6

	2.
	Banana (ripe)
	19.4
	1.8

	3.
	Mango
	19.9
	1.2

	4. 
	Orange
	17.9
	3.7

	5.
	Papaya (green)
	19.9
	1.2

	6.
	Tomato
	18.8
	2.5

	7.
	Potato
	14.6
	8.0


CO2 output and intercellular atm. at 12oC of Pears from harvest to breakdown

	Days after harvest
	Fruit cond'n
	CO2 output (mg kg-1 h-1)
	Intercellular atm.

	
	
	
	% CO2
	% O2

	5
	Hand green
	4.3
	1.81
	18.92

	14
	Greenish yellow
	10.5
	2.79
	17.90

	21
	Greenish yellow
	13.7
	5.36
	15.50

	28
	Over ripe
	12.9
	6.43
	12.60

	42
	Soggy, brown
	8.6
	9.30
	7.50

	50
	Content liquid
	4.4
	31.0
	0.56


Conc. of O2 in cell sap of Potato (M x 10-5)

	Temperature
(oC)
	O2 in gas phase (%)

	
	1
	5
	10
	15
	20

	0
	1.9
	9.6
	19.1
	28.7
	38.2

	5
	1.7
	8.3
	16.6
	25.0
	33.3

	10
	1.5
	7.4
	14.8
	22.3
	29.7

	15
	1.4
	6.7
	13.5
	20.2
	27.0

	20
	1.2
	6.0
	12.0
	18.1
	24.4


Conc. of CO2 in cell sap of Potato (M x 10-4)

	Temperature
(oC)
	CO2 in gas phase (%)

	
	1
	5
	10
	15
	20

	0
	6.9
	34.3
	68.6
	103.0
	137.5

	5
	5.7
	28.5
	57.0
	85.5
	114.0

	10
	4.8
	23.8
	47.7
	71.5
	95.0

	15
	4.1
	20.5
	41.0
	61.5
	82.0

	20
	3.5
	17.6
	35.1
	52.6
	70.2
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POST HARVEST PHYSIOLOGY OF FRUIT AND VEGETABLE CROPS

1. Introduction


Fresh or processed fruits and vegetables form an important part of out diet. They contain a number of nutritionally important compounds such as vitamins, minerals, carbohydrates and proteins. 


They often attract the consumer for their aesthetic qualities like flavour, colour and texture and contain a high percentage of fresh weight as water. Consequently, they exhibit relatively high metabolic activity when compared to other plant – derived foods as seeds. The metabolic activity which continues even after harvest makes fruit and vegetable highly perishable commodities. The perishable nature and inherent short life of fruit and vegetable present the greatest problem in the successful transportation and marketing of them in fresh condition.


The solution to the post harvest problems of fruit and vegetables as well as improvements in their handling procedures may come from a better understanding of the biochemistry and molecular biology of both commodities. 

2. Definition of vegetables and fruits 


Vegetable cannot be described clearly botanically or morphologically as they cover many organs in vegetative or reproductive stage. Some vegetables grow under tropical or subtropical climate whereas others grow in temperate climate. These plants belong to a large number of botanical families. According to Schuphan (1948), vegetables, are any plant products that do not belong to the group of fruit of cereals and that are consumed fresh, raw or processed directly without substantial extraction (such as sugar from sugar beet).


Classification of vegetables can be understood on the basis of intensity of metabolism, possibly in relation to available respiratory substrates. Both parameters correlate very while storage ability (Table 1). Intensity of metabolism can also be defined as ethylene production (Kader, 1982).

Fruit: The botanical definition of "a fruit is a seed receptacle developed from an ovary". This definition encompasses a very wide range of fruit types. 

Table 1. Classification of vegetables on the basis of respiration rate 

	Class
	Respiration intensity at 
10 C mg CO2/kg/h
	Commodities (Crops)

	Very low
	Below 10
	Onion 

	Low
	10-20
	Cabbage, cucumber, melon, beet, tomato, turnip

	Moderate
	20-40
	Carrot, celery, Chinese cabbage, gherkin, leek, pepper, rhubarb

	High
	40-70
	Asparagus (blanched), Chicory (roots), eggplant, fennel, lettuce, radish

	Very high
	70-100
	Brussels sprouts, musk melon, bean, mushroom, spinach

	Extremely high 
	Above 100
	Broccoli, Chicory (sprouts) pea parsley (leaves), sweet corn


a) Climacteric fruits (Ethylene producing)


They display a characteristic peak of respiratory activity during ripening, known as respiratory climacteric. Fruits of this class have the highest respiratory rates and also ripen very fast and hence, are most perishable. 

b) Non-climacteric fruits (Non ethylene producing)


They simply exhibit a gradual decline in their respiration during ripening These fruits contain low starch and emit low ethylene gas. Fruits are harvested at ripening. 

Table 1: Examples of climacteric and non-climacteric products.

	Climacteric

(Ethylene producing)
	Non-climacteric

(Non Ethylene producing)

	Apples, pears, quince


	Cherry, blackberry, strawberry



	Apricot, nectarine, peach
	Eggplant, cucumber, pepper



	Mango, avocado, banana
	Lemon, orange, mandarin



	Tomato, sapodilla
	Water melon, honey dew melon



	Rock melon, passionfruit
	Grape, lychee, loquat




* From Kader (1992). Postharvest Technology of Horticultural Crops. p.16.

3. Physiological maturity 

3.1. Physiological maturity of vegetables 


Physiological maturities of vegetables are complicated due to the fact of differing physiological ripeness at harvesting of one and the same commodity and cultivar. 


Physiological ripeness of tomatoes can be identified changes of colour and texture. Tomatoes develop from mature green to breaker stage, reach maturity in the full red stage, with good texture. At physiological maturity, the seeds develop good germination power. At this stage, most cultivars show a dark red colour and the tissue is softened. 


Root vegetables, leafy vegetables and flower vegetables are usually harvested at vegetative growth stage. Some vegetables show physiological changes that are important for the storage ability. The good storage ability of cabbage is achieved is the stem is enriched in reserve substances. This happens after crop has reached its maximum yield (Schneider, 1981).


The composition of root vegetables changes after reaching the maximal yield, influencing the storage ability. A wide ratio of monosaccharides to sucrose in carrots results in good storage ability (Fritz and Weichman, 1976).

3.2. Fruit


The fruit undergoes a period of ripening soon after the completion of its growth. Ripening includes softening of the fleshly fruit with the changes in pigments and flavour. The non fleshly fruits may not apparently experience ripening. Ripening in some cases may be stimulated by picking of the fruit as avocado, pear while picking hastens the process of ripening in banana, apple and papaya. 


Maturation and ripening are distinguishable. The former corresponds to the attainment of full size and the latter refers to the qualitative transformation of the mature fruit. Fruit ripening is one of the developmental phases of its life cycle. It is the irreversible process of ageing named transpiration, and is called as "fruit ageing".

4. Physiological changes during harvest 

Effect of temperature on produce texture and water status


 Texture is a complex but important aspect of fruit and vegetable quality. It relates consumer sensation to objective destructive (strength, toughness) and non-destructive (stiffness or elasticity) measurements. Environmental conditions (temperature, humidity, etc.), the product’s physiology and developmental stage, and postharvest decay may affect mechanical properties. Produce bruising, splitting or breaking susceptibility may increase at low temperature and high water contents. Comprehensive and systematic studies on the influence of temperature and water status on produce stiffness and strength are rare, and their results are equivocal. Hence, we used carrot (Daucus carota L.) taproots and radish (Raphanus sativus L. var. sativus) tubers as model produces, differing in tissue structure and biological function, to investigate the interactive effects of external and internal parameters and the stage of tuber development on their mechanical properties. Water potential and pressure potential were positively correlated with strength and stiffness in carrot and radish, but only stiffness showed a significant correlation with water status. Beyond wilting, the effect of water potential on mechanical properties was less pronounced. In carrots, strength was higher at 10°C than at 20°C. Temperature equivocally influenced the relationship between water status and strength in radish, but a reducetion of temperature from 20°C to 10°C led to a significantly increased apparent elastic modulus in almost mature tubers. In the rapidly growing radishes the stage of development partially masks any temperature response, but led to an increase in strength while stiffness declined. In carrots, the temperature effect on strength was mediated by cell wall properties and not by water status. Temperature effects on produce texture highly depended on overall tissue structure, the stage of development and the duration of the temperature treatment.

Break of water supply – its consequences 


The plants have continuous water supply system through the pumping system which never stops because the balance between water loss and adsorption is a precarious one. The plant has an integrated system of water distribution, at one end the roots capable of sucking water from soil the other end the leaves, which constitute a very efficient evaporation device. This evaporation named transpiration, serves two main purposes. First, vaporization, i.e., the passage of the water molecules from the liquid phase to the vapour phase, is an endergonic process, thus contributes to lower the temperature on the surface of the leaf. The plants, therefore, could be seen as having some degree of homeothermy. Secondly, transpiration creates call for water and therefore activates the pumping operation through which water is absorbed from the soil and supplied to the successive organs of the plants in order to maintain their turgidity. It is an important event of post harvest physiology as it maintains fresh appearance and good health of the procedure. Turgidity maintains the balance between water loss through transpiration and its power to draw water into the cells, named suction pressure (SP) which is a dynamic equilibrium between the osmotic pressure (OP) of the cellular contents and the resistance of the cell walls, called wall pressure or turgor pressure (TP).

SP = OP – TP

When a part remains attached to the plant, the deficit of water created by transpiration is immediately balanced by the supply of water from the vascular tissues and the cells regain turgidity. But after a harvest, the deficit remains unbalanced and there is consequently a loss of turgidity. This is the most important change induced by the harvest. 

The plant part (tissue) made of sturdy cells with thick wall and massive organs will suffer less from the harvest cut than leafy organs. Leafy crops with crisp stalk are generally harvested in late afternoon, because the loss of turgidity will render them more flexible and less breakable. But these crops should be placed as soon as possible in a high moisture atmosphere, so that they can regain their turgor. Mostly refrigerating systems condense air moisture, causing a dehydrating effect on the products stored. Therefore, care must be taken that the products kept fresh do not lose their moisture during their storage life. For this purpose room equipped with a humidity saturating device is good.

4.1. Alteration of internal atmosphere 


The whole plant constitutes a closed system which is enclosed in the continuous layer of cuticle – covered epidermis that can hold a fairly high pressure. This is true in case of an apple fruit, in which the internal atmosphere is quite different from the surrounding air. The internal atmosphere contains nitrogen and oxygen along with CO2.


In intercellular spaces, the proportion of CO2 is generally in the range of 3 to 6% and in many instances can go up to 20 to 30%. The concentration of oxygen will then be lower. In such an atmosphere, the respiratory process is rather hampered, especially with bulky organs. When an organ, i.e., fruit is plucked, there is a rupture of the cuticular barrier, and through the vascular tissues, there is massive inward flow of oxygen and an out ward flow of CO2 with the same magnitude, the consequence of this is that the cells, which normally are surrounded by a low oxygen/high carbon dioxide atmosphere is suddenly subjected to high-oxygen/low CO2 air, very congenial to respiratory process. There is then an abrupt increase in the respiration processes, a rapid depletion of respiratory metabolites mainly reducing sugars and an increase in all the oxidative processes, especially those affecting the phenolic compounds. Such a stress will give rise to the induced respiration, and consequently there is an increase in protein synthesis. Harvest is, therefore, the cause of a great stress (Table 2). Because of the increased respiratory activity, there is a greater production of heat, and an augmented loss of moisture. 

Table 2. Internal contents of ethylene and carbon dioxide of a mango before and after picking

	
	On tree
	2 hr after picking

	C2H4
	1.87 ppm
	0.084 ppm

	CO2
	2.67%
	3.35%


Source: Baile (1960)


Oxygen and carbon dioxide are not the only gases concerned. Other gases or vapours are also present in the internal atmosphere, the most important of which is ethylene. Ethylene, in an intact plant, may occur at concentrations ranging from 100 to 1000 ppm and through the wound caused by harvest, it will escape and its concentration will, for a short time, come down to 0.5 to 1.0 ppm. But the increased respiratory process will enhance ethylene production when the wound is healed, and sealed by tannis or gum, ethylene original range of concentration (Phan, 1963) will be maintained. This may be the reason why fruits quickly enter their climacteric crisis after harvest, while, if left attached to the tree, they will eventually reach their climacteric, but much later, with less drastic rise (Leblond, 1958).


Ethylene remains present at high concentration in the attached organ but does not exert its effects because of the present of a very high concentration of CO2, which has an action antagonistic to that of ethylene (Burg et al., 1965). This is why when CO2 is depleted by the wound, the ethylene casts its effects, which once started, will continue auto catalytically. Ethylene induces the synthesis of several enzymes, especially hydrolytic enzymes, which being present, will do their destructive jobs. One striking instance of this is the destruction of chlorophylls in immature fruits, such as peapods. These fruits having been picked, must be refrigerated immediately, otherwise their chlorophylls will degrade very quickly (Table 3). 

Table 3. Chlorophyll content of young peas (5 cm long) at different times after harvest 

	Cultivar
	
	Time after harvest (hr)

	Delhi
	
	3
	27

	
	Chl a
	127.70
	113.00

	
	Chl b
	128.70
	61.00

	
	Total
	256.70
	174.00

	
	a/b
	0.99
	1.85

	Dot
	Chl a
	117.30
	108.00

	
	Chl b
	91.70
	51.70

	
	Total
	204.00
	169.70

	
	a/b
	122.00
	2.10


Chlorophyll expressed as µg/g fresh weight.

Source: Phan (1977)

4.2. Respiratory activity 


The detachment of all plant organs from the plant means the rupture of the protective layer around the plant and inhibition of drastic changes in the internal atmosphere. These changes are less marked in the organs, such as leaves, and very serious in the bulky organs, such as a fruit or tuber. 


A fruit is an aerial organ, and therefore has always been bathed in high oxygen, low CO2 atmosphere. But this atmosphere is separated from the internal gas space of the fruit by the cuticle-covered epidermis, which is most cases, constitutes a very efficient barrier for gas exchange. Consequently, the internal atmosphere of a fruit is generally very different from the outer air.


Upon fruit detachment, CO2 leaks rapidly out through the peduncle and oxygen flows heavily in, and consequently the intercellular spaces are now filled with high oxygen, low- CO2 atmosphere. 


The cells which were for a long time in a near anaerobic condition, are suddenly "awakened" by a highly, aerobic atmosphere. As a result all the oxidative processes are enhanced, commencing with the shift from the fermentative process to oxidative decarboxylation, leading to the reactivation of the enzymes of the Krebs cycle, and subsequently to that of the electron transport chain. This change triggers the metabolic operations that will give rise to respiratory metabolites, namely the hydrolytic processes, causing the depletion of starch, the breakdown of insoluble pectins, and so on. All these changes will result in the hastening of the senescence of the fruit, and this transition stage, in which all the metabolic transformation are quickened, is named the ripening process. 


With underground organs, the consequences of harvesting are of another nature. The underground surrounding is generally low in oxygen and rather low in CO2 also, because most of the CO2 would be dissolved in the soil components and in the water. These components also contain volatile or gaseous compounds, such as methane, ethylene, sulfur derivates, and ammonia. But the main feature is a low oxygen concentration. This situation is not the most propitious to the respiratory processes. It is known that root tissues are capable of conveying their electrons through path ways other than that generally in operation in aerobic conditions.


Green leafy vegetables pose a particular problem which most harvesters are not aware of the balance between respiration and photosynthesis. Generally the vegetables are harvested by the end of summer of early autumn, when the sun is very bright. In their "in vivo" condition i.e., before harvest, at mid day photosynthesis would be the predominant function, the resulting situation being that they have a rather low "respiratory activity" when this is measured by the output of CO2. Infact, most of respiration produced CO2 is immediately reabsorbed by photosynthesis and what leaks out of the organ represents only a small portion of the "true" respiration. 


When the "Vegetable", a head of lettuce or cabbage, is harvested, i.e., cut and brought under shade, not only has it suffered from wound-stress, but it is now placed under a condition where illumination is very much reduced, therefore the amount of CO2 emitted will be higher. If measured in terms of CO2 output, the "respiratory rate" will, apparently, increase. The data is Table 4 show a steady increase in the "respiratory rate" of head cabbages for the first seven days, they were placed in the cold room, where normally respiratory activity should and probably did decrease. As photosynthetic activity is generally much higher than respiratory activity, the reduction or suppression of the former will result in an "apparent enhancement" of the latter, even if this is also lowered by low temperature. 

Table 4. "Respiratory rate" of head cabbages newly placed in storage room at 4°C

	Days in storage
	"Respiratory rate" 
(mg CO2 produced/h/kg fr.wt)

	0
	2.70

	3
	4.70

	5
	6.30

	7
	8.35


Source: Hardenburg et al. (1986)

4.3. Other metabolic changes 


The common features of leaf stem or flower vegetables are colour. The colour 
is part of the "quality", as it is either an element of attraction or an indication of a 
healthy organ. 


Mostly the mature organ head lettuce, head cabbage, cauliflower, broccoli have quite a stable green colour, unless they undergo a drastic wilting due to water loss, their colour will not change markedly between the harvest time and the time they are placed in a cold storage room. Immature organs, such as pea pod or asparagus spears, undergo very drastic chlorophyll degradation spears, undergo very drastic chlorophyll degradation as the amount of chlorophyll decreases in 24 hrs after harvest at room temperature. 

Chlorophyllase



Chlorophyll


 

Chlorophyllide + Phytol

(Porphyrin ring + Phyton) (an esterase) Porphyrin ring 


This breakdown of chlorophylls by chlorophyllase can be avoided easily by placing the pods immediately in a cold place, such as a picnic ice-box or a larger ice-water tank. Chlorophyll 'a' degradation can thus be reduced to 4-6%, while chlorophyll 'b' is more susceptible to the harvest shock (35-55% degradation).


The other group sensitive to harvest is that of the phenolic compounds. Here a distinction must be made between the response to harvest proper and the consequences of bruises and cuts caused by harvesting operations.


Because of increased respiratory rate, there is generally a sharp decrease in the content of soluble sugars both reducing and non-reducing (Selvaraj and Pal, 1989, Selvaraj et al., 1989; Nagar 1993), but mainly the latter, as they serve as the immediate reserve for the reducing sugars, which are the preferred metabolites for respiration. The term reducing sugars is generally used for such monosaccharides of glucose and fructose, but several disaccharides and oligosaccharides are, unlike sucrose, reducing also.


Amino acids do not vary markedly. But as the harvest shock induces stress, there must be a tremendous synthesis of proteins, mainly enzymes, after harvest.

5. Respiration and its significance in post harvest biology 


Respiration is the oxidative breakdown of the more complex substrates normally present in the cells, such as starch, sugars and organic acid to simpler molecules (CO2 and H2O), with the concurrent production of energy and other molecules, which can be used by the cell for synthetic reactions. Such metabolic reactions are essential for maintenance of cellular organization and membrane integrity in living cells. Maintaining the supply of adenosine triphosphate (ATP) is the primary purpose of respiration. The overall process of aerobic respiration involves the regeneration of ATP from ADP (adenosine diphosphate) and Pi (inorganic phosphate) with the release of CO2 and H2O If hexose sugar is used as the substrate, the overall equation can be written as follows.


C6H12O6 + 6O2 + 38 ADP + 38 Pi  6CO2 + 44 H2O + 38 ATP


About 42% of the total energy produced (673 kg calories) is biologically useful energy and the remainder dissipates as heat. Aerobic respiration involves a series of reaction, each of which is catalyzed by a specific enzyme and breaks down a complex molecule to a simper one.

1. Glycolysis


The breakdown of glucose into pyruvate, which takes place in the cytoplasm is known as glycolysis. A key enzyme in this processes phosphofructokinase (PFK), which leaves fructose, 1,6- diphosphate into two triose phosphate molecules. Cells control their energy supply by alterning the rate of glycolysis, primarily thought controlling PFK activity, which is inhibited by ATP, the product of respiration.

II. Tricarboxylic acid (TCA) cycle


It is the breakdown of pyruvate into CO2, which occurs in the mitochondrial matrix. Acetyl CoA (formed from pyruvate) enters in the cycle by condensation with oxaloacetate, and the resulting citric acid is successively rearranged (into isocitrate), oxidized and decarboxylated back down to oxaloacetate, ready to accept another acetyl CoA molecule.

III. Electron transport system


It is that where low energy nicotinamide adenine dinucleotide (NAD) is reduced to the high energy. The reduced form is NADH. Extraction of the energy in reduced co-enzymes, such as NADH, is carried out through a series of linked metalloproteins (the cytochromes) located in the inner mitochondrial membrane. As electrons pass down the chain, the carrier proteins are successively reduced, then oxidized and energy is expanded in extruding protons(H+) to the outside of the inner mitochondiral membrane, thus creating an electrical potential. The final cytochrome (a/a3) is oxidized by molecular oxygen. As the protons flow down potential gradient through the electron transport system, their energy is harnessed to produce ATP.


Anaerobic respiration involves the conversion of hexose sugars into alcohol and CO2 in the absence of O2. Pyruvate produced through glycolysis (which does not require O2) is metabolized into acetaldehyde and ethanol. Conversion of pyruvate into acetaldehyde and CO2 is catalyzed by the enzyme carboxylase and the co-factor thiamin pyrophosphate. Acetaldehyde is converted into ethanol by the action of the enzyme alcohol dehydrogenase. Two moles of ATP and 21 kg calories of heat energy are produced in anaerobic respiration (alcoholic fermentation). The oxygen concentration at which a shift from aerobic to anaerobic respiration occurs varies among tissues and is known as the extinction point.

5.1. Significance of post harvest biology


Respiration plays a major role in the post harvest life for the following reasons.

Loss of substrate


Loss of various substrates in respiration can result in loss of food resources in the tissue and loss of taste quality and food value to the consumer. For certain commodities that are stored for extended periods of time, such as onion for dehydration, the loss of dry weight due to respiration can be significant. When hexose sugar is the substrate, 180 g of sugars are lost for each 264 g of CO2 production by the commodity.

Oxygen requirements


An adequate O2 concentration must be available to maintain aerobic respiration. This should be considered in selecting the various post harvest handling procedures, such as waxing and other surface coatings, film wrapping and packing. On the other hand, reduction of O2 concentration less than 10% provides a tool for controlling respiration rate and slowing down senescence.

Carbon dioxide production


Accumulation of CO2 produced by the commodity in its ambient atmosphere can be beneficial or harmful, depending upon each commodity's tolerance to elevated CO2 levels. An increase in CO2 concentration in a controlled or modified atmosphere can be used to delay senescence and retard fungal growth.

Release of heat energy


The heat produced by respiration, which is about 673 kg calories for each mole of sugar utilized, can be a major factor in establishing the refrigeration requirements during transport and storage. Vital heat must be considered in selecting proper methods for cooling, package design, method of stacking packages and refrigerated storage facilities.

Gas exchange


Gas exchange between plant organ and its environment follows the following steps – (1) diffusion in the gas phase through the dermal system; (2) diffusion in the gas phase through the intercellular system; (3) exchange of gases between the intercellular atmosphere and the cellular solution (cell sap) or vice-versa, which is a function of the distribution and effectiveness of the intercellular spaces and respiratory activity and (4) diffusion in solution within the cell to centers of O2 consumption (from centers of CO2 production).

6. Changes during post harvest 

6.1. Flavour changes


Our perception of flavour relies on two senses, taste and smell. We can distinguish basically four different tastes, these being sweet, sour, bitter and salt. In fruit, it is primarily sugars and organic acids which contribute to the taste although the astringent nature of some fruits can be attributed to their phenolic and tannin contents. he flavour of fruit depends on the complex interaction of sugars, organic acids, phenolics and more specialized flavour compounds; including a wide range of volatiles.

6.2. Hormonal changes

Sprouting and rooting are the most important measures of postharvest quality for carrots. Changes within the carrot in the content profiles of the plant hormones affecting rooting and sprouting, namely auxins, gibberellins, cytokinins, ethylene and abscisic acid, were studied during growth, development and cold storage at 0 and 5°C of the carrot. Rooting and sprouting ratio and morphological differentiation within the roots were also investigated as part of the evaluation of quality. Auxin level increased up to harvest time, and decreased during harvest, while ABA and GA3 levels were low at the beginning of the growth and development period, and then increased until harvest. The levels of these hormones were higher in leaf tissues than root samples. Ethylene production decreased in leaf tissues and increased in roots during the growth and development period. Cytokinins accumulated in root tissues during this period, then decreased at harvest maturity; this contrasted with levels of cytokinins seen in leaves during these periods. During cold storage at 0 and 5°C, auxin levels were seen to increase while ABA and GA3 levels decreased with rooting and sprouting occurring during this period. Ethylene levels increased at the beginning of the storage period and then declined. Cytokinin levels showed a general decrease after reaching to a peak value during cold storage at 5°C and constantly increased at 0°C. These hormonal changes and post-harvest growth indicate that there is a short dormancy period after harvest due to pre-harvest hormonal accumulation. The dormancy period ends with a decrease in ABA, ethylene and GA3 levels and with an increase in levels of cytokinin and auxin during the storage period. Morphological differentiation showed that it is possible to determine adventitious root formation before it is apparent.

6.2. Assimilation of sugars and organic acids 


The most common sugars are fructose, glucose and sucrose and the most prevalent organic acids, malate and citrate.


Both sugars and organic acids originate from photosynthetic assimilates. Green fruits are capable of photosynthesis (Phan, 1970) but this is limited and the bulk of the assimilate is provided by the rest of the plant. However, fruits differ in how this assimilate accumulates during development and ripening. Fruits continue to accumulate sugar from the plant during ripening. This accounts for a large part of their flavour. Fruit which accumulate their assimilate prior to ripening can be harvested at the mature green stage still attain acceptable flavour on ripening. This is important when considering the need for early harvest to optimize shelf life. Fruits which depend on the plant for assimilate during ripening fail to develop full flavour if harvested at the green stage.


In general, leaves of acids decline during ripening, presumably due to their utilization as respiratory substrates (Ulrich, 1970). During ripening, sugar leaves within fruits tend to increase (Whiting, 1970; Nagar, 1993), either due to increased sugar supply from the plant or to the mobilization of starch reserves within the fruit, depending on the type of fruit and whether it is ripened on or off the plant.

Starch mobilization


The breakdown of starch to glucose, fructose or sucrose, is a characteristics of ripening event. There are several enzymes in plant tissue capable of metabolizing starch (Presis and Levi¸1980; Steup, 1988). The pathways involved are shown in Chart –1.


All there starch degrading enzymes -and -amylase and starch phosphorylase, have been identified in fruits. All three enzymes occur in several isoenzyme forms and all three increase in activity during ripening to some extent (Tucker and Grierson, 1987). However, it has been yet impossible to assign any definite mechanism for specific starch degradation during ripening.


In all cases the enzymes are active only against the linear glucose chains of amylase found in starch. They are unable to degrade the  (1-6) branch points also found in the amylopectin of starch. Starch granules in fruit are though to resemble those in other tissues such as potato, cereal and mung beans (Kayisu and Hood, 1981). As such they are a mixture amylose and amylopectin and must contain those branching linkages. Enzymes capable of attacking the branch points have been identified in several tissues including banana fruit (Garcia and Lajola, 1988).

1. Starch phosphorylase (EC 2.4.1.)

2.  - Amylase (EC 3.2.1.1)

3.  - Amylase (EC 3.2.1.2)

4.  - Glucosidase (EC 3.2.1.20)

5. Glucose phosphate mutase (EC 2.7.5.5)

6. Triose phosphate / phosphate transporter. It is possible that in some cases, export of starch degradation products from the chloroplast may occur viva the transport of hexose phosphates.

7. Glycolysis / Gluconeogenesis (see glycolysis cycle)

8. Fructose bisphosphatase (EC 3.1.3.11)

9. Phosphofructophosphotransferase (EC 2.7.1.90)

10. Sucrose phosphate synthetase (EC 2.4.1.14)

11. Sucrose phosphate phosphatase (EC 3.1.3.24)

12. Sucrose synthase (EC 2.4.1.13)

13. UDP / glucose pyrophosphorylase (EC 2.7.9)

14. Sucrose phosphorylase (EC 2.4.1.7)

15. Invertase (EC 3.2.1.26)

Sucrose metabolism 


Sucrose metabolism in plants has been reviewed by Akazawa and Okamoto (1980), though current data available on sucrose synthesis in fruit are minimal. In leaf tissue, the action of sucrose phosphate synthase (EC 2.4.1.14) is considered the major biosynthetic route for sucrose, the action of sucrose synthase (EC 2.4.1.13) being kinetically unfavorable for sucrose synthesis in leaf tissue (Avigad, 1982). However, levels of sucrose phosphate synthase in tissue other than leaves is very low, while that of sucrose synthase is more widely spread in plants (Avigad, 1982). In general, control of sucrose synthesis in fruit is, however, poorly understood. The breakdown of sucrose is probably mediated by the action of invertase (EC 3.2.1.26). This enzyme is widespread in fruit and often increases in activity during ripening. However, the activity is not always associated with increased metabolism of sucrose. Invertase has been the subject of must investigation and a recent identification of a m RNA for acid invertase from tomato fruit (Endo et al., 1990) may signal the beginning of a molecular biological approach to determining the exact function of this enzyme. Low levels of invertase activity have recently been linked to a sucrose accumulation trait in tomatoes (Yelle et al., 1991).

Phenolics in fruit


Astringency is determined by phenolic compounds in the fruit. Although compared to many other plant tissues the levels of phenolics in fruit are relatively low, they can be quite significant, especially in determining the quality of fruit products. Many phenolics are derived from phenylalanine via cinnamic and coumaric acids path way (Chart – 2). However, alternate biosynthetic roués also exist.


One very important group enzymes involved in the metabolism of phenolics is he poly phenoloxidasaes (PPO), of which there are basically two types. Catechol oxidase and lactase which catalyze the oxidoreduction of o-diphenols or p-diphenols, respectively and have been classified together under the general name of monophenol monooxygenase, (EC 1.14.18.1). The properties of these enzymes have been described by Mayer and Harel (1979) and their distribution in fruit evidenced by Mayer and Harel1981). The action of PPO is, however, an important factor in determining the quality of several processed fruiting products. The mixing of PPO with its phenolic substrates when fruit tissues is disrupted during processing, accounts for some of the browning reactions occurring in both tissues and extracted juices.

1. Acetyl CoA acetyl transferase (EC 2.3.1.9)

2. Hydroxymethylglutaryl-CoA synthase (Ec 4.1.3.5)

3. Hydroxymethylglutaryl – CoA reductase (EC 1.1.88)

4. Mevalonate kinase (EC 2.7.1.36) Phospho mevalonate kinase (EC 2.7.4.2), Phyrophosphomevalonate decarboxylase (EC 4.1.1.33)

5. Isopentenyldiphosphate.  isomerase (EC 5.3.3.2)

6. Two molecules of geranyl – geranyl pyrophosphate undergo a tail to tail condensation.

Flavour ' volatiles'


Several flavour compounds which are relatively simple molecules, being volatile, account for fruit aroma. These 'flavour volatile' are usually present at relatively low levels, often only as ppm. They are thought to provide the characteristic flavour and aroma to different fruits. The 'flavour volatile' profile of any fruit is usually very complex. For instance, analysis of the volatile present in apple and orange fruit indicates at least 230 and 330 different compounds respectively (Van Straten, 1977). The nature of the volatiles involved is also very diverse and includes alcohols, aldehydes, esters and many other chemical groups (Nursten, 1970). While many of these volatile compounds are common to several fruits, the distribution of other many be more restricted.


The bio-synthetic pathways for such a wide range of volatiles is also obviously very diverse. They biosynthesis is further complicated by the fact that while some of these volatiles are synthesized in the intact fruit, others are produced only when the fruit tissue is macerated. The alcohols and aldehydes are presumably derived from the metabolism of their corresponding amino acids and oxo-sugars. Another possible major biosynthetic pathway may be via the action of lipoxygenase (EC 1.13.11.12) on membrane lipids following maceration of the tissue. Such as system has been implicated in the formation of distinctive flavour notes in tomato tissue (Schrier and Gornes, 1981). 

Colour changes 


Not all fruits, change colour during ripening, for example many varieties of apple and pear remain green. However, in general colour change is associated with ripening and represents a key attribute along with texture, for the determination of eating quality. Colour change can be brought about by the degradation of chlorophyll. 

a. Chlorophyll degradation 


The precise mechanism for chlorophyll degradation is unclear, but may involve both enzymatic and chemical reactions. Chlorophyll is held tigthy bound to the thylakoid membranes within the chloroplast. The first step in chlorophyll degradation would be 'solubilizaion' of this chlorophyll into the stroma, which may be brought about by enzymes capable of attacking the thylakoid membranes or the chlorophyll directly. The soluble chlorophyll is oxidized chemically to the colourless purine and chlorine products. 

b. Anthocyanins 


Anthocyanins are a very diverse range of pigments localized within the vacuole of the plant (Timebrlacke, 1981). They can give rise to colours from red to blue and often occur in a wide range of types in individual fruit. For example, orange fruit are known to contain about 30 different anthocyanin type pigments. The general structure of anthocyanidins and their glucoside derivatives, the anthocyanins, is given in figure. A typical anthocyanin is cyaniding – 2 – galactoside, which is largely responsible for the colour of apple, blackberry, cherry and plum. Pigment synthesis in red cabbage seedlings is correlated more closely to flavanone synthase activity than to PAL (Phenylalanine ammonia lyase) (Hrazdina and Greasy 1979). It is possible that synthesis or activation of these enzymes, or others within the pathway, respond to the plant growth regulator ethylene which is known to control other aspects of ripening. 
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Carotenoids 


Carotenoid pigments are not as diverse as anthocyanins and are localized within the chloroplast which is then often termed as chromoplast. The structure of two typical carotonoids, -carotene and lycopene are given below. 


The amount of carotenoids synthesized during ripening can be very large and this often leads to the formation of pigment crystals within the chromoplast. 


Carotenoids are normally synthesized in green tissue, a major product being -carotene. However, in many fruits addition -carotene and lycopene is synthesized during ripening. The pathway for carotenoid biosynthesis shows lyopene as the precursor of -carotene. The accumulation of lycopene during ripening could therefore arise from either the inhibition of the final step in the production of -carotene or to the initiation of a new biosynthesis route for lycopene. Several tomato-ripening mutants are known to be deficient, to varying degrees, in carotenoid biosynthesis during ripening (Rick, 1980; Frecknell and Pattenden, 1984) yet these mutations do not affect -carotene synthesis is green tissue. Also high (30-35°C) temperatures are known to inhibit lycopene, but not -carotene accumulation in tomato fruit (Goodwin, 1980). 

Texture changes 


Most fruits soften during ripening and this is a major quality attribute that often dictates shelf life. Fruit softening could arise from one of the three mechanisms, loss of turgor; degradation of starch; or break down of the fruit cell walls. Loss of turgor is largely a non-physiological process associated with the post harvest dehydration of the fruit, and as such can assume commercial importance during storage. Loss of water equivalent to about 5-10% of a fruit fresh weight- although having little effect on the fruit's biochemistry can render the fruit commercially unacceptable. Degradation of starch probably results in a pronounced textural change, especially in those fruit like banana, where starch accounts for a high percentage of the fresh weight. In general, however, texture change during the ripening of most fruit is thought to be largely the results of cell wall degradation. Carbohydrate polymers make up 90-95% of the structural components of the wall, the remaining 5-10% is largely hydroxy-proline-rich glycoprotein. The carbohydrate polymers can be grouped together as cellulose, hemicellulose or pectins. 

Cell wall change 


Changes in cell wall structure, during ripening have been observed in many fruits, including avaocado (Pesis et al., 1978) and pear (Ben – Arie et al., 1979) and tomato (Crookes and Grierson, 19830. These changes usually consist of an apparent dissolution of the pectin rich middle lamella region of the cell wall. At a biochemical level, major changes can be observed in the pectin polymers of the wall. During ripening there is a loss of neutral sugars, in most fruits this is predominantly galactose but some loss of arabinose also occurs (Tucker and Grierson, 1987). These two sugars are the major components of the wall's neutral pectin. There are also major changes observed in the acidic pectin or rhamnogalocturonan fraction of the wall. During ripening there is an increase in the solubility of these polyuronides and in several cases these have been shown to become progressively depolymerized. The degree of esterification of the polyuronide fraction can also change during ripening, tomato polyronide is about 75% esterified in green fruit and this declines to around 55% during ripening (Seymour and Tucker, unpublished). Conversely an increase in the degree of esterification of the soluble polyuronide from apple fruit has been reported (Knee, 1978). 

Ethylene and ripening 


Ethylene is produced by most plant tissues, albeit at a relatively low level of around 0.05 µl.h-1. g f.wt-1 Climacteric fruits are characterized by a burst of ethylene production which occurs during ripening and most often precedes the respiratory climacteric. However, in some fruits it has been reported that this burst of ethylene either coincides with or, more rarely, follows, the respiratory climacteric. Like the respiratory climacteric, different fruits have different peak levels of ethylene production.

The most commonly know use of ethylene is to trigger ripening is somecrops, such as bananas and avocados. The application of ethylene at a controlled rate means that these products can be presented to the customer as “ready to eat”. For avocados this is a significant benefit as the consumer can now purchase an avocado to eat that night rather than buying a hard fruit that may take several days to ripen. The concentration of ethylene required for the ripening of different products varies. The concentration applied is within the range of 1 and 100 ppm. The time and temperature of treatment also influences the rate of ripening with fruit being ripened at temperatures between 15 to 21oC and relative humidity of 85 – 90 %.  Although controlled ripening is the major postharvest use of ethylene it can also be applied pre-harvest to promote postharvest benefits. The chemical

Ethephon produces ethylene and is applied in the field. Ethephon can promote several benefits such as fruit thinning (apples, cherries), fruit loosening prior to harvest (nuts), colour development (apples), degreening (citrus), flower induction (pineapples) and it can stimulate lateral branching in potted plants (azaleas and geraniums).All these responses are the result of the plant being exposed to fairly low concentrations of the plant growth regulator ethylene.

 Table 2: Ripening conditions for some fruit using ethylene

	Fruit


	Temperature (oC)
	Ethylene (ppm
	Treatment time (hrs)



	Avocado
	18 - 21
	10
	24 -72

	Banana
	15 - 21
	10
	24

	Kiwifrui
	18 - 21
	10
	24

	Persimmon
	18 - 21
	10
	24

	Tomato
	13 - 22
	10
	Continuous


*From Wills et al. (1998). Postharvest. 4th Edition. P. 209.

Table 5. Internal ethylene levels in ripening fruit 

	
	Fruit
	Ethylene (µg/l)

	Climacteric
	Avaocado
	500

	Peak level
	Banana
	50

	
	Mango
	3

	
	Pear
	40

	
	Tomato
	27

	Non-climacteric
	Lemon
	0.1-0.2

	Steady state
	Orange
	0.1-0.3

	
	Pineapple
	0.2-0.4



Climacteric and non-climacteric fruits also appear to differ in the control of ethylene synthesis. The biosynthesis or ethylene in climacteric fruit is said to be autocatalytic. This is best demonstrated by the response of fruit to be ethylene analogue, propylene. Climacteric fruits exposed to propylene begin to synthesize ethylene in an autocatalytic manner, non-climacteric fruits, however, show no such response (Mc Murchie et al., 1972). These observations led Mc Murchie et al. (1972) to postulate two control systems for ethylene biosynthesis: 

System 1. Common to both climacteric and non-climacteric fruit, is responsible for both basal ethylene production, and the ethylene production, and the ethylene produced when the tissue is wounded. 

System 2. is unique to climacteric fruit and is responsible for he autocatalytic production accompanying ripening in these fruits. 


Increase biosynthesis of ethylene is not a phenomenon unique to the ripening of climacteric fruit. Most plant tissue will respond to wounding with an increase in ethylene production. In this respect both climacteric and non-climacteric fruits, at all stages of development, are not exception. Thus all fruits, if wounded, will respond with an increase in ethylene synthesis. However, even in unripe climacteric fruit this wound-induced ethylene synthesis is not considered to be autocatalytic in nature. The evidence for this comes from the fact that silver, which blocks ethylene synthesis is not considered to be autocatalytic in nature. The evidence for this comes from the fact that silver, which blocks ethylene perception, has no effect on the level of wound ethylene produced by green tomato fruit (Tucker and Grierson, 1987), thus it is considered that wounding results in the stimulation of system 1 of Mc Murchie et al. (1972).

 Damaging Effect

The presence of ethylene is not always beneficial, especially in terms of postharvest shelf life (Optimal Fresh, 2000). It seems that because it is a colourless gas that is not often measured in commercial situations its presence is over looked. A recent survey that included the wholesale markets, distribution centres and retail stores around Sydney showed that the concentration of ethylene present during the marketing of fresh produce was between 0.017 and 0.06 ppm. The main sources of ethylene during marketing and retail sale are from other ripening fruit in the market or storage room or from the exhaust gases of vehicles and forklift trucks. The levels reported had the potential to cause a 10 – 30% loss in shelf life of fresh produce (Wills et al., 2000). The effect of ethylene is accumulative so continuous exposure to a low concentration of ethylene throughout marketing can cause significant harm (Wills et al., 2000). However, the loss of shelf life will be most frustrating for the final consumer as the loss of quality will not be obvious during marketing and retail sale. The major reason for the loss of shelf life is that ethylene exposure increases the rate the product ages. In green tissue such leafy vegetables and cucumbers ethylene stimulates the loss of chlorophyll or green colour and also increases the susceptibility of the product to rots. For maximum shelf life and quality green leafy vegetables should not be stored or transported in trucks where there are mixed loads containing ripening fruit such as apples, pears, mangoes, tomatoes or bananas (Optimal Fresh, 2001). Lettuce is also susceptible to ethylene. It suffers from a distinctive disorder, called russet spotting as a result of exposure to ethylene. The symptoms of russet spotting are dark brown spotting of the mid-ribs of lettuce leaves. The quality of carrots can also be reduced as a result of ethylene exposure. In response to ethylene, carrots produce bitter tasting compounds called isocoumarins. It has been shown that concentrations of ethylene as low as 0.5 ppm can cause bitterness in carrots within 2 weeks of storage (Reid, 1992). Ethylene can also promote sprouting of potatoes and toughening of asparagus. A very obvious effect of ethylene is the loss of flowers or leaves from sensitive ornamental plants. Some common flowers that are ethylene sensitive include carnations, delphiniums, freesia, gypsophila and Geraldton wax. Sensitive plants should be treated with an ethylene inhibitor, such as silver thiosulfate or EthylBlocto prevent flower drop resulting from ethylene exposure and great care should be taken to avoid storage with ethylene producing produce.

Reducing the Damaging Effects

Preventing ethylene buildup around the product is often the simplest method of reducing the damaging effects of ethylene. For example products that are sensitive to ethylene are better handled with electric forklifts rather then gas powered ones. Trucks and forklifts should not be left idling in enclosed spaces or during loading or unloading of products. It is also important to remove over ripe or rotting fruit from the storage and handling area, as they are also sources of ethylene. For ethylene sensitive products it is important to avoid storing them with products that produce high levels of ethylene (Optimal Fresh, 2001). Increasing the ventilation rate of the storage area, assuming that the outside air is ethylene free is another way of reducing the level of ethylene around fresh produce. Ethylene can also be removed by using a number of chemical processes. The traditional method had been to use potassium permanganate or Purafil. Potassium permanganate reacts with ethylene to produce carbon dioxide and water. In order to scrub the air efficiently it is best to spread the potassium permanganate over as larger a surface area as possible either in trays or within highly permeable bags. For cut flowers it is possible to pulse the stems with a solution of silver thiosulfate. The flowers take the solution up through their stems and this protects them from the effects of ethylene. There is another relatively new compound called EthylBlocthat is distributed in Australia by Rohm and Hass. EthylBlocis a gaseous compound that inhibits the effects of ethylene. It is effective at very low concentrations, as low as 10 parts per billion (ppb). The active ingredient is 1- MCP (1-methylcyclopropene). Recently there was an article in Good fruit and Vegetables (10:12), May 2000 reporting the potential benefit of using 1-MCP on

bananas to prevent premature ripening. EthylBloccan be used for treatment of flowers but is currently not registered for use on food crops, however registration is in progress.

Ethylene is a very important plant hormone and it plays a significant role in the postharvest life of fresh produce. Sometimes being positive and sometimes not. The damage resulting from ethylene exposure could easily be minimised if there was a greater awareness of the potential harm and the simple measures that can be used to prevent damage.
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Lecture 19

Hormonal balance in relation to ripening

In particular there is the difference be​tween climacteric fruits and non-climacteric fruits. The growth and development of fruit is accompanied by a decline in the rate of respiration per unit weight. This decline, or a levelling-off, may continue throughout the ripening phase, whether this is pre​ or post-harvest, and throughout subsequent continued sene​scence. This is the case with non-climacteric fruits such as the citrus fruits, peppers, strawberry, blueberry, cherry and olive In other fruits the initiation of the ripening phase - which we may regard as the beginning of senescent change - is accom​panied by a more or less sudden, and often considerable, rise in the rate of respiration to a peak value followed by a fall, though not necessarily to the original level. Kidd and West (1924) ap​plied the term 'climacteric' to this peak in respiration, but Rhodes (1970) redefined it to include in addition other changes associated with ripening. Climacterics fruits include the apple, pear, banana, tomato, mango, avocado, apricot, fig and Honeydew and cantaloupe melons.

The difference in the respiratory patterns of climacteric and non-climacteric fruit is associated with different behaviour with respect to the production of, and response to, ethylene. Most, perhaps all, fruits produce ethylene to a greater or lesser extent at some stage in their life history. So does much other plant material, particularly if damaged or otherwise stressed. Ethylene is mainly a product of the degradation of methionine (see e.g. Mapson and Wardale, 1972) by reactions which are in part neces​sarily aerobic (Hansen, 1942; Spencer, 1959). The participation of glucose oxidase and a peroxidase has been suggested (Mapson, 1970; Mapson and Wardale, 1971), but the relationship to O2 con​centration (Varner and Ho, 1976) might suggest the involvement of cytochrome oxidase, perhaps via metabolites produced in the respiratory chain (Baur et al., 1971). Cyclic pathways for the con​servation of the sulphur in the methionine may form part of the overall pattern of breakdown (Baur and Yang, 1972). Intermedi​ates in the breakdown include S-adenosylmethionine (Adams and Yang, 1977) and l-amino-cyclopropane-l-carboxylic acid (Adams and Yang, 1979; Boller et al., 1979; Yu et al., 1979) but the full pathway has yet to be established. An increased rate of production as an early symptom of senescence is of usual occurrence, and could plausibly be attributed to increased membrane permeabil​ity, associated with senescence, leading to increased access of intermediates in methionine breakdown to relevant enzymes. The results of Sacher (1966) would lend support to such a view, although it has been challenged by Pratt and Goeschl (1969) and Hulme et al., (1968). The increase in ethylene production, what​ever it results from, leads to an increased concentration in the tissue. If this reaches a critical level (Kidd and West, 1945), sug​gested by Burg (1962) to be about that in equilibrium with 0-1 µl 1-1 in the intercellular atmosphere, changes in metabolism are initiated, including an increase in the rate of respiration. Such changes could occur in both climacteric and non-climacteric fruits, provided a sufficiently high concentration of ethylene were reached in the latter, which typically produce ethylene at low levels. In climacteric fruits there is a further and very important change, in that above the critical level of concentration the pro​duction of ethylene itself is catalysed. Ethylene production thus becomes autocatalytic, increasing logarithmically with time (McMurchie et al., 1972). The result is a very considerable in​crease in the concentration of ethylene in the tissue to levels in excess of those estimated to saturate fully the responses of the fruit (1-10 µl 1-1 in the intercellular atmosphere; Burg, 1962), in some cases very considerably in excess, as in the case of the 300​700 µl 1-1 found by Burg and Burg (1962) in the avocado. Poten​tial receptor sites for ethylene (see below) are thus preferentially saturated with it, and a considerable response is elicited, climac​teric fruits exhibiting a typically rapid increase in the rate of re​spiration and accelerated ripening changes.

It was stated that ethylene at a concentration above a low crit​ical level initiates changes in metabolism. It in fact acts as a plant hormone (though see Abeles, 1972, for another view), and hormonal control of physiological processes is normally the result of a complex balance of conflicting and synergistic influences which can be tipped one way or the other. The various sub​stances which contribute to the balance have definite binding sites or receptors in the cell (see e.g. Hertel et al., 1972; Venis, 1976, 1977; Fox and Erion, 1976) almost certainly located in proteins (Venis, 1977), both soluble and membrane-bound. The binding of ethylene was suggested by Burg and Burg (1965) to involve complexing with a metal, the most likely metals being CuH, FeH or ZnH (Varner and Ho, 1976). Participation of O2 in the forma​tion of the ethylene-receptor complex is probable (Burg and Burg, 1967), at concentrations much higher than required for cytochrome-oxidase-mediated reactions (c. 5% in the intercellu​lar atmosphere could be suggested for complete complexing). Ethylene binding sites were estimated by Abeles (1973) to num​ber of the order of 500 per cell, and different sites may be in​volved in different responses (Goeschl and Kays, 1975; but see Varner and Ho, 1976). Tipped one way the balance of hormonal influences in fruit prevents the onset of senescence and maintains the fruit firm, with any carbohydrate reserves in a non-mobilized form. Tipped the other way, either by excess ethylene or by the loss of substances which oppose its effects, by for example com​peting with it for binding sites, the status quo cannot be main​tained and senescent changes occur. The earlier stages of such changes render the fruit edible; the later stages lead to an in​creasing degree of disintegration and finally collapse.

How the components of the hormonal balance influence metab​olism is unknown in detail. Ethylene may increase membrane permeability (Pratt and Goeschl, 1969); inhibit the transport of indolylacetic acid (Varner and Ho, 1976), itself involved in the maintenance of membrane integrity (Sacher, 1957); increase the synthesis of cellulase, other cell-wall softening enzymes (Lewis and Varner, 1970; VarneJ and Ho, 1976) and ribonuclease (Ken de and Baumgartner, 1974); and activate several enzymes, including phenylalanine ammonia-lyase, polyphenol oxidase and peroxidase (Abeles, 1972). The autocatalysis of ethylene produc​tion in climacteric fruits could itself be a manifestation of one or more of the above properties, either by the synthesis of enzymes directly involved in the production (Abeles, 1966), or in the de​gradation of proteins to give ethylene precursors (Ku and Leopold, 1970; Demorest and Stahman, 1971), or by the activa​tion of such enzymes, or by increased membrane permeability.

The constituents of the hormonal balance, other'than ethylene, are not established, but include substances presumably translo​cated from the foliage which oppose the effects of ethylene; hence the prevention of ripening (senescence) of avocado fruits on the tree (Gazit and Blumenfeld, 1970) and the delay in the ripening of other fruits, such as the apple (Meigh et al., 1967) and banana (Burg and Burg, 1965). Among hormonal substances which oppose the effects of ethylene may be indolylacetic acid, which inhibits ripening (Vendrell, 1970b) even though it stimu​lates ethylene production (Mapson and Hulme, 1970), and gib​berellic acid (GA3) and kinetin, both of which inhibit or delay the colour changes associated with ripening, though without in​fluencing other changes (Dostal and Leopold, 1967; Vendrell, 1970a; Wade and Brady, 1971). Abscisic acid is another sub​stance which may be involved in the hormonal balance, in this case hastening ripening changes (Kader et al., 1973; Mizrahi et al., 1975) and stimulating ethylene production (Lieberman et al., 1977), though these two effects need not be, and in some cases definitely are not, connected (McGlasson, 1978).

CHANGES ASSOCIATED WITH RIPENING

In general we are concerned with the initiation of ripening changes. The changes themselves, which influence the acceptability of fruit, fall mainly under the headings of changes in colour, texture and flavour. 

Changes in colour

Colour changes result largely from the loss of chlorophyll (green), the synthesis of carotenoids (yellow and red) and the synthesis of pigmented phenolic compounds such as the anthocy​anins (red and blue). In anyone commodity the typical colour change on ripening may result from only one or from any com​bination of these processes.

Chlorophyll loss and carotenoid synthesis

 
Both chlorophyll and carotenoids are contained in the chloro​plasts, and the loss of chlorophyll with a simultaneous increase in the carotenoid constituents results in a change from green chloro​plasts to yellow or red chromatophores (Goodwin, 1958). This pattern of behaviour is not invariable. In some cases the chloro​phyll may be retained, as in some tomato and pepper mutants (Goodwin and Goad, 1970), even though the carotenoids in​crease; while in the banana there is a loss of chlorophyll un​accompanied, according to Loesecke (1929), by any increase in carotenoid content. White Marsh grapefruit exhibits similar be​haviour (Yokoyama and White, 1967). The carotenoids synthe​sized are numerous - for example, Curl and Bailey (1956) iden​tified over 20 in the peel of the orange, but the number contribut​ing significantly, in anyone commodity, to the yellow or red col​our of the ripe fruit is commonly much smaller. Thus the main pigment of the normal ripe red tomato is lycopene; of the red pepper, capsanthin; of the orange, violaxanthin.

The detailed pathway of chlorophyll breakdown is unknown. Phaeophytin is an early intermediate, resulting from the removal of magnesium from the chlorophyll molecule. Subsequent hy​drolysis of the phytol group may be catalysed by chlorophyllase (see Chichester and McFeeters, 1971) - chlorophyllase activity increases during the climacteric phase in apples (Rhodes and Wooltorton, 1967) - and there is eventual breakdown to small molecules. Some stages in chlorophyll degradation are aerobic, although the form of Oz participation is not known, and Kidd and West (1934) found breakdown to be hastened in 100 per cent Oz and delayed or prevented in Nz. Degradation is slower at low temperatures (Hoyt, 1966). Degradation of chlorophyll is accom​panied by disintegration of the chloroplast membranes and breakdown of their constituent proteins and lipids (Bain and Mercer, 1964; Rhodes and Wooltorton, 1967; Galliard, 1968). Rhodes and Wooltorton (1967) found the chlorophyll content of the peel of Cox's Orange Pippin apples, ripening at 12°C, to fall from 105 /J-g g-l to 25 /J-g g-l. Loss during the ripening of bana​nas is illustrated in Table.1.

Table.1 Loss of chlorophyll from the peel of the banana during ripening (from von Loesecke, 1949)

	Days after ripening
	Total sugar in pulp
	Pigments in peel (/Lg!g)
	

	unloading as indication of

	at Boston
	stage of ripeness g/
	Chlorophyll Xanthophyll
	Carotene

	
	100 g (see Table 8.2)
	a+b
	
	

	0
	0.40
	102.9
	7.34
	2.05

	2
	1.25
	72.5
	5.75
	1.82

	3
	2.24
	48.7
	5.91
	2.27

	4
	4.54
	29.0
	5.70
	2.87

	5
	11.16
	0.0
	3.95
	3.56


The biosynthesis of carotenoids in de novo synthesis is acetyl-CoA, but in thecase of ripening fruit it is possible that later intermediates, derivedfrom the degradation of other substances, are the starting point. There is, however, little evidence that carotenoids are derived directly from the breakdown products of chlorophyll (Hulme and Rhodes, 1971). The whole synthetic pathway from acetyl-CoA starts with the condensation of two molecules of acetyl-CoA to form acetoacetyl-CoA, and the condensation of a third acetyl​CoA on to this, as a side chain, to give hydroxy-B-methylgluta​ryl-CoA. This is then reduced to mevalonate with the release of CoA. The mevalonate is phosphorylated to 5​pyrophosphomevalonate which is converted to isopentenyl pyrophosphate, the 'active isoprene unit'. There is then probably a series of stepwise reactions to give geranylgeranyl pyrophos​phate (C2o) via geranyl pyrophosphate (ClO) and farnesylpyrophosphate (CIs). Condensation of ;;."'0 C20 molecules would then give the C40 carotenoid skeleton.~rotenoid synthesis willoccur in the absence of light (e.g. Smith and Smith, 1931) but not in the absence of O2 (Vogele, 1937; Miller, 1938). It is stimulated by increasing the ambient O2 concentration above atmospheric Denison, 1951), by ethylene (Rosa, 1926) and by increasing the temperature within certain limits (e.g. Gross, 1979). The opti​mum temperature for synthesis varies with the carotenoid and with the commodity. For lycopene in tomatoes it is 16-21 °C (Goodwin and Goad, 1970) and above 30°C synthesis is inhib​ited (Goodwin and Jamikorn, 1952). In the red watermelon synthesis of lycopene is not inhibited even at 37°C (Vogele, 1937). Sadana and Ahmad (1948) stated that a stored tomato could synthesize up to 1.2 mg of lycopene per day. 

Anthocyanin synthesis

Anthocyanins are formed typically in the epidermal layers of fruit, in which they occur in the vacuolar cell sap, not, as in the case of carotenoids, localized in plastids. They are B-glycosides of anthocyanidins - pyran derivatives with a C6 : C3 : C6 carbon skeleton, of which the six commonest are pelargonidin, delphini​din, cyanidin, petunidin, peonidin and malvidin. As suggested by the nomenclature, based on occurrence in plants, they are impor​tant constituents of the co louring matter of flowers. Cyanidin is the main anthocyanidin of ripe fruits, often in the form of a 3​glucoside, although other anthocyanidin and sugar components are predominant in some fruits - for example, pelargonidin (as the 3-glucoside) in the strawberry, and galactose (as cyanidin-3​galactoside) in the apple. In some cases the colour of the ripe fruit is mainly due to one anthocyanin, although others are com​ monly also present. In other cases the colour results from a mix​ture of numerous anthocyanins - Van Buren (1970) listed 15 in the grape, incorporating all the anthocyanidins given above with the exception of pelargonidin. The predominant anthocyanin pig​ment of the apple is cyanidin-3-galactoside; of the blackberry, raspberry and plum, cyanidin-3-glucoside; of the Morello cherry, cyanidin-3-sophoroside; and of the strawberry, pelargonidin-3​glucoside (Van Buren, 1970). Van Buren listed the anthocyanin pigments of 27 fruits and his review should be consulted for further details.

The starting point in anthocyanin synthesis is the condensation of phosphoenolpyruvate with D-erythrose-4-phosphate to give a heptulosonic acid which is then cyclized to 5-dehydroquinic acid. A further eight steps lead to cinnamic acid, intermediates includ​ing shikimic acid and phenylalanine (Neish, 1964). Condensation of the C6 : C3 cinnamic acid with acetyl and malonyl groups gives the C6 : C3 : C6 skeleton of the anthocyanidins.

Anthocyanin synthesis is light-dependent, the red end of the spectrum being the active region (600-750 nm, with a peak at 655 nm). The degrees of coloration developed by different types of fruit, and by different cultivars of anyone type, vary consider​ably. This is reflected in the range of concentrations of anthocy​anin found by Walker (1964) in various apple cultivars, from 0.1 to 21.6 mg g-l (fresh weight) in the peel. Hillis and Swain (1959) found 8 mg g-l (dry weight) in the skin of the Victoria plum. 

Changes in texture

The degree of degradation at the stage of acceptable ripeness varies in different fruit in accordance with the variation in texture which is regarded as acceptable. An apple should preferably be firm and crisp, a texture resulting from some limited breakdown of the middle lamella, leading to easy cell separation, and some weakening in cell-wall structure due to rupture of the linkages between the xyloglucan and rhamnogalac​tan (Knee, 1975). In. the pear, degradation proceeds further (McCready and McCombe, 1954) and the texture is no longer crisp, while in the peach breakdown progresses still further in the direction of low molecular weight compounds (Pressey et al., 1971). These are broad generalizations; different cultivars of the same commodity can show differences in the speed and degree of cell-wall degradation during ripening, as, for example, observed by Wade (1964) in the strawberry. In the apple we can contrast the ephemeral acceptability of cv. Worcester Pearmain with the behaviour of cv. Granny Smith, which, in the words of an old Kentish fruit foreman (Harry Fulker, 1882-1973, East MaIling), 'keeps till apples come again'.

Cell-wall degradation during ripening follows an increase in polygalacturonase and pectinesterase activity. This probably re​sults mainly from synthesis of the enzymes - certainly there may be considerable protein synthesis during ripening (e.g. Hulme, 1954) - but there may also be a loss of enzyme inhibitors. In the tomato, as the fruit progresses from the mature green to the fully red stage, increases in pectinesterase activity of from 30 per cent (Pithawala et aI" 1948) to 500 per cent (Markakis, 1969) have been reported. Polygalacturonase activity has not been detected in green tomatoes (Hobson, 1964) or unripe Fuerte avocadoes or Bartlett pears (McCready and McCombe, 1954), but is abundant in the ripe fruits. In tomatoes it has been observed to increase 200-fold as the fruit passed from the green-orange to the red stage (Hobson, 1964).

Any ripening change which requires the synthesis of an enzyme thus requires ribonucleic acid synthesis, and the climacteric in the apple (Hulme et al., 1968), avocado (Richmond and Biale, 1966b, 1967) and pear (Frenkel et al., 1968) is associated with such synthesis. Pre-climacteric treatment of pears with actinomy​cin-D, an inhibitor of ribonucleic acid synthesis, prevents soften​ing of the tissue (Frenkel et al., 1968; Dilley, 1970) and other ripening changes, because of the inability to synthesize the re​levant enzymes.

Changes in flavour 

The flavour of a fruit is compounded mainly of its content of sugars, of acids and of numerous volatile aroma components which are. present in very small quantities but elicit a consider​able olfactory response. Changes of flavour during post-harvest ripening typically result from an increase in sugar at the expense of reserve carbohydrate, a decrease in acids, which may be re​spired, and a considerable increase in the production of volatile aroma components

Increase in sugar content

The prime example of increase in sugar is provided by the bana​na, which when green and unripe is rich in reserve carbohydrate in the form of starch: 20-25 per cent on a fresh-weight basis. Of this practically the whole is converted to sugars during ripening, only 1-2 per cent of starch remaining in the ripe fruit. About two-thirds of the sugar is in the form of sucrose, the remainder being glucose and fructose with only a trace of maltose (Poland et al., 1938). This may suggest that starch breakdown in the banana is catalysed by phosphorylase, as proposed by Yang and Ho (1958), rather than by amylases. Phosphorylase activity has been observed to increase during the ripening of fruit, as for example in the apple (Clements, 1970). On the other hand, Mattoo and Modi (1969) reported a twofold increase in amylase during the ripening of mangoes, and Clements (1970) a substantial increase in the apple. Davies and Cocking (1965) found an increase in c¥-amylase activity in the tomato, associated with rapid starch hydrolysis. Both phosphorylase and amylase may thus contribute to the sweetening of fruit though their relative importance is un​certain.

As mentioned above, the banana is the prime example of sugar formation during post-harvest ripening, because of the high con​centration of reserve carbohydrate in the unripe fruit. Each analysis represents a different sample which inevitably introduces some variability, but allowing for this it is clear that the maximum rate of turnover at c. 20°C must be of the order of 4 g/IOO g pulp per day, even without any allowance for mobilization for use in re​spiration. The pineapple, melon and grape, which also contain very high concentrations of sugar when fipe, accumulate this be​fore harvest. They do not accumulate reserve carbohydrate, and do not sweeten post-harvest. Other fruits, which sweeten during storage, do this to a lesser extent than the banana because of their lower reserves. Storage after the fully ripe stage results in a loss of sugar, presumably consumed in respiration. Thus Winsor et al. (1962a) found a marked increase in sugar content through​out the ripening of tomatoes, particularly during the change in colour from green to yellow, but during storage beyond the fully ripe stage the sugar content declined.

The analyses given do not distinguish be​tween different cultivars, nor do they indicate the nature of the sugars. These vary with the commodity. As mentioned above, the dominant sugar in the ripe banana is sucrose, though with appreciable amounts of glucose and fructose. Much the same can be said of the pineapple (Dull, 1971) and melon. The mango is variable, either sucrose or reducing sugars predominating in different cultivars grown in different localities (see Hulme, 1971). On average sucrose and total reducing sugars are present in roughly equal amounts, and the same applies to the orange but not to other citrus fruits. Glucose and fructose are the principal sugars in the lemon and lime in which sucrose may be practically absent (Ting and Attaway, 1971). In the soft fruits, also, reduc​ing sugars predominate, while in the grape and the tomato almost the whole of the sugar content consists of glucose and fructose. In the older literature ex-glucose was often referred to as 'grape sugar' and in fact it may account for 85 per cent of the sugars in the unripe grape, but in the ripe fruit the content of fructose usually slightly exceeds that of glucose (Peynaud and Ribereau​Gayon, 1971).

Change in acidity

Many organic acids occur in fruits, and indeed in all plant mate​rial, but those which make a major contribution to the typical acidity of many unripe fruits, and to the acid constituents of the taste of ripe fruit, are few in number. Very often one only may predominate to a large extent. Thus malic is the main acid in the apple, apricot, banana, cherry, plum and often in the peach and pear; while citric predominates in the citrus fruits, cranberry, currants (black-, red- and white-), fig, guava, loganberry, pine​apple, raspberry and strawberry. Citric and malic acids occur in more or less equal amounts in the gooseberry, tomato and some peaches and pears; and malic and tartaric acids in the grape.

The organic acids occur in solution in the vacuole (Buser and Matile, 1977), partly free, partly as their salts, potassium being a major cation involved. The loss of acidity which may accompany the ripening of fruit appears to result, at least in part, from the use of the acids as respiratory substrates via the Krebs tricarboxy​lic acid cycle.

Table 2 Organic acid content of bananas, cv. Gros Michel, during ripening, expressed in meq/100 g pulp (from Palmer, 1971)

	Acid
	Stage of ripeness

	
	Pre-climacteric peel colour: Green
	Climacteric peel colour : yellow-green through yellow with green tips
	Post-climacteric Peel colour: Fully yellow through: yellow flecked with brown

	Malic
	1.36
	5.37
	6.20

	Citric
	0.68
	1.70
	2.17

	Oxalic 
	2.33
	1.32
	1.37

	Other acids
	0.19
	0.16
	0.17

	Total organics
	4.43
	8.74
	10.90


Change in volatile aroma constituents

Apart from the sweetness and acidity of fruits, on the basis of which the flavours of many fruits would be indistinguishable one from the other, there are characteristic aromas which distinguish not only one type of fruit from another, but in some cases one particular cultivar of a fruit from another cultivar of the same fruit. The volatiles, some of which are responsible for these aro​mas, produced by anyone fruit may be very numerous - for ex​ample, at least 200 are produced by the banana (Wick et al., 1969), a number described as fairly typical for any fruit by Nur​sten (1970), who also pointed out that the number detected in​creased with every refinement in analytical technique. The domi​nant and characteristic aroma may, however, result from compa​ratively few volatiles. Like any other volatile product they are in part retained in solution or loose combination in the fruit, and in part diffuse out in response to the concentration gradients of their vapour The part retained contributes to the characteristic flavour of the fruit, by no means necessarily in proportion to its concentration - olfactory response is related to the constitution of the molecule. Some volatiles present in com​paratively high concentration - 'high' being here a relative term, concentrations being typically minute - may be odourless, while others in much lower concentration may produce a considerable response. For example ethyl 2-methylbutyrate', an important con​stituent of the 'ripe' aroma of Delicious apples, has an olfactory response threshold of 1~ parts per million.

The chemical nature of the volatiles is diverse. They are not confined to ripe fruit - nor indeed to fruits; all vegetable material has an aroma, more or less characteristic - but there is usually an upsurge in their production and a change in the relative concen​trations of the constituents as ripening proceeds, at least in cli​macteric fruit. We may in many cases regard them as by-products of the major metabolic pathways, not essential but inevitable, particularly in view of the complexity of those pathways. The up​surge and changed pattern accompanying ripening is to be ex​pected in view of the increased metabolism, de novo enzyme synthesis and loss of membrane integrity. This is unlikely to rep​resent the complete picture, however; there is evidence that, for example, ester formation may have a more fundamental signi​ficance than production as a by-product (Nordstrom, 1964; Nur​sten, 1970). Nursten (1970) tabulated the volatile compounds which had at that time been identified in apples, bananas, oranges and strawberries. Those of the apple included 20 acids, 28 alcohols, 71 esters, 26 carbonyl compounds, 9 ethers and acet​als and 5 hydrocarbons. Many of these were produced by all four types of fruit and the characteristic aroma is often derived from a preponderance of a member or members of one class of com​pound or the other - esters in apples and bananas for example, and hydrocarbon derivatives (oxygenated terpenes) in oranges.

Lecture 21

Physiological responses to various stresses

Temperature stress:

· Pl. material can continue to live only if membranes / enzymes are functional.

· At high temp. coagulation of Pn occurs whereas at freezing temp. membrane disruption occurs.

1. Freezing injury

· Pl. matr. do not freeze at 0oC due to presence of sol. in the cell.

· Initial freezing may occur/ice form, if cell sap is dilute or on the surface of cell walls ext. to protoplast.

· Values of freezing-pts for fruits/veg has been measured but they vary depending upon variety/climate they are grown.

Super cooling

· Longer exposure to low temp., with slow rate of cooling, the matr. reaches a temp. below freezing point 'without ice formation' – 'Super cooling'.

· If super cooled matr. is kept for long period in low temp. 'ice formation' occurs – freezing injury occurs.

Eg. Potato tubers stored at –4.5oC for 8 hrs – transferred to 10oC  no damage occurs. But same tuber stored at –12oC  damage occurs (49%).

· Storing tuber @ -3.5oC for 24 hrs  31% death of tubers.

· Storing tuber @ -3.5oC for 72 hrs  98.6% death of tuber occurs.

Ice formation

· May be – Extracellular freezing

- Intracellular freezing

Extra cellular freezing:

· Ice formation after 'slight cooling' is extracellular

· Mod. prolonged exposure to temp. below freezing point leads to extracellular freezing.

· Extracellular freezing may not lead to injury but can provide protection against damage from further fall in temperature.

· Ice crystals form in moisture on surface of cell wall  crystals grow in intercellular space  initial ice mass acting as conducting surface for migration of H2O through cell wall  moves to vapour phase due to vap. pr. gradient  As ice crystals grow  cell get dehydrated / shrink i.e. protoplast shrinks away from cell wall ('frost plasmolysis')  ice forms inside cell wall  'such information is not lethal'.

· Prior to dehydration there is an increase in conc. of cell solution which protects cell against intracellular freezing.

· The above seq. is possible in 'extracellular freezing' only in mat. with large intercellular spaces. In potato with only very small intercellular spaces,  extracellular freezing is 'only slight' before it is succeeded by intercellular freezing.

Intracellular freezing:

· If matr. in which extracellular freezing/ice formation has occurred remains at temp. below freezing point of its sap ice formation spreads to cytoplasm/vacuolar sap  'Intracellular freezing' occurs.

· It disrupts cytoplasm/nucleus  'Fatal'  matr. collapses  exudes liquid.

· Potato tubers having intercellular space less than 1%  slow freezing  intercellular freezing  damage occurs.

· Carrot with large intercellular spaces / vol.  possibility of extracellular ice formation.

· So more resist. to freezing injury than Potato Tubers.

Chilling injury

· Harvested commodities are adversely affected by low temp. well above freezing pt.

· Tree in tropical / sub-tropical fruits/vegetables.

· Sweet potato, yam, cassava, pumpkin, brinjal, pepper, bean, maize, cucumber, tomato, citrus, banana, pine apple, papaya and mango  critical temp. well above 5oC ranging from '8oC – 13oC'.

· Chilling injury is related to

1) Change in membrane lipid from liq. state  gel state.

2) Enz. in membranes get inactivated.

3) Let down of hydrophobic bonds between membrane Pn & Phospho-lipids.

· Initial changes due to chilling injury  reversible. But fully affected  damage is irreversible.

Eg. Sweet potato, tomato, maize – stored for longer time at 10 – 13oC  damage / loss is 'irreparable'.

How chilling injury occurs?

· 'Apple' stored below 4oC  'Brown dislocation' occurs.

· Tissue remains moist with different consistency in different parts.

· Skin darkens, fruit quality lost.

'Citrus' 

· Surface pitting, browning / darkening of membranes between segments, discoloration of spongy tissue, water soaked spots  when stored @ 2oC.

Mango

· Stored below 8oC  unequal softening of tissues, dark patches develop.

Pineapple

· Stored below 8oC  fruit does not turn color from green  yellow, but remains brown

· Watery appearance, drying of green leaves.

Tomato

· Critical storage temp. is 10 – 13oC, storage below this temp  aberrant ripening, loss of firmness, abnormal color.

Banana

· Critical storage temp. 13oC. Storage below this temp  sub-epidermal browning / blackening, peel becomes black after ripening, pulp extremely soft/acidic. Fruits lack flavour/sweetness.

2. High temperature injury

· Enzymes are denatured between 40o – 60oC (In most commodities damage occurred below 40oC due to temp. optima for many enzymes).

· Dehydration and differential moisture status between peel and pulp.

· Low O2 / high CO2 results due to high respiration rate due to  temp. Potato – stored at 30 – 40oC – 'Black heart' – develops due to bt. down of inner tissue as a result of differential. Respiration and tissue water content.

Sequence of events in Potato tubers at 35 – 40oC.

1. High rate of initial respiration  anaerobic condition.

2. Membrane disruption by polyphenolose and oxidation of tyrosine.

3. Damage to respiratory enzymes

· green tomato – ripening retarded above 33oC

· Banana fruit – may remain green but pulp may become soft if temp. rises above 30oC.

4. Oxidation of tyrosine by polyphenolase (opt. temp. 40oC) following  in O2 leading bi formation of melanin.

· High storage temperaturer accumulation of CO2 at centre of potato  damage occurs  decrease in Respiration  'Black Heart' develops.
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Stress symptoms caused by abnormal Atmospheres

Low oxygen

· In the absence or low O2 levels aerobic respiration or any other linked met. processes fail to occur.

· Membrane integrity cannot be maintained.

· O2 uptake mediated by cyt. c. oxidase can be maintained at high level provided O2 conc. in cell sap is maintained at 1.2 x 10-6 M.

· Precise conc. of O2 for maintenance of membrane integrity is not possible at present. Eg. Potato tuber can be stored in 1% O2 at 10oC for a number of weeks without apparent injury.

· Results reveal that membrane integrity could be maintained in O2 conc. of as low as 5 x 10-6 M.

· But a number of metabolic processes are reduced at this O2 conc.

· Ambit O2 level vary with commodity, temp.

· Through plant maturity can survive at low O2 conc. but reactions dependent upon low – O2 – affinity enz. such as phenol oxidases, ascorbic acid oxidase, glycollate oxidase – eliminated.

· Conc. of 3% O2 and < delay sugar accumulation in potatoes stored at 0 – 1oC.

· Ethylene production in fruits is O2 dependent.

Eg. Apples – ethylene production reduced to half at 2.5% O2 conc.

High oxygen

· Excess O2 is injurious

· Storage of potato tubers in 100% O2 leads to 5 times increase in conc. of dissolved O2 above the level in air.

· Inhibits Kreb's cycle and accumulation of citric acid occurs.

· This is called 'Oxygen poisoning'

· Even at 80% O2, the whole of potato tubers are dead.

High carbon dioxide

· Increase in ambient CO2 conc. above normal has an additive effect on internal conc., decrease in respiratory production.

· High CO2 conc. favours direct carboxylation of OAA from pyruvic acid

· CO2 competes with C2H4 at binding sites hence ripening is delayed.

· Apple – 'Brown heart' and 'core fresh' are symptoms of high CO2, conc.

· Lime – 'skin petting' and 'off-flavour' are due to high CO2 conc.

· Potato 'Break down' and 'rot' in 20% CO2 conc.

· Mushroom 'Pink/brown' discoloration.

· Broad bean 'Pitting and greying'.
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Responses to constituents of storage other than Oxygen and carbon dioxide

Storing potato tubers in the presence of ripening apples suppresses their sprouting due to production of C2H4. C2H4 has many other physiological effects. C2H4 induces formation of a toxin 'pisatin' in pods of green peas, and a number of 'phenolic compounds' in roots of sweet potato, and 'coumarin' derivatives in the wounded carrot tissues. In addition to C2H4, various other volatile substances induce sprouting in potato tubers viz., 0.01% vapour (vol.) of ethyl bromide, bromine ammonia, petrol, carbon tetrachloride and ethylene dichloride.

Stimulation of sprouting in Potato tubers is also caused by the following,

Vapours of Carbondisulphide, dichloroethylene, trichlorethylene, ethylene chlorhydrin, H2S, ethylcarbylamine and methyl disulphide causes inhibition of sprouting in Potato tuber is caused by vapours of Geraniol, citrol and acetaldehyde.

Potato tubers, like other plant material produces very small quantities of a large number of volatile substances during normal course of its metabolism with storage.

Eg. Suppressants (Sprouting).
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Stress symptoms due to accumulation of metabolites

· Long term storage of plant matr. is possible (due to technical advances in the field of Post-Harvest) Physiology.

· Due to this it has resulted in the importance of storage disorders.  

Eg., Apple scald.

Symptoms

1. Necrotic patches

2. Brown discoloration

3. Shrinkage of affected tissues

4. Depressed areas.

· Work on 'Apple Scald', factors pre-disposing apples to it was studied by various scientists.

·  farnesene (accumulates on the natural wax coating of Apples) level increases several fold during climacteric respiration.

· Injury to apple fruit is not due to ' farnesene' but by the 'oxidation product' of it.

· Other metabolites accumulating in plant tissues during prolonged storage are

· Isocoumarin (carrot) – causing bitter flavour

· S-propenyl-L-cysteine sulphoxide (onion) – increasing the pungency.

Responses to constituents of storage other than Oxygen and carbon dioxide

· Storing potato tubers in the presence of ripening apples suppresses their sprouting due to production of C2H4.

· C2H4 has many other physiological effects.

· C2H4 induces formation of a toxin 'pisatin' in pods of green peas, and a number of 'phenolic compounds' in roots of sweet potato, and 'coumarin' derivatives in the wounded carrot tissues.

· In addition to C2H4, various other volatile substances induce sprouting in potato tubers viz., 0.01% vapour (vol.) of

· ethyl bromide, bromine ammonia, petrol, carbon tetrachloride and ethylene dichloride.

Stimulation of sprouting in Potato tubers is also caused by the following,

Vapours of Carbondisulphide, dichloroethylene, trichlorethylene, ethylene chlorhydrin, H2S, ethylcarbylamine and methyl disulphide.

Inhibition of sprouting in Potato tuber is caused by vapours of Geraniol, citrol and acetaldehyde.

Potato tubers, like other plant material produces very small quantities of a large number of volatile substances during normal course of its metabolism with storage.

Eg. Suppressants (Sprouting)
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Responses to damage – Production of Ethylene and other hormones

· Harvesting / Handling – damage, cut, broken surface, splits, abrasions, bruises.

· Disruption of cells – exposes enzymes and substrates to abnormal cellular environment.

· Many occasions enzymes come into contact with pot. substrates – results in aberrant reactions as described below.

Production of Ethylene and other hormones

· Ethylene production described in detail.

· Button mushrooms, leafy materaial, potato tubers – C2H4 production is blight / undetectable, but markedly influences / affects its metabolism.

· C2H4 produced has secondary effects upon metabolism of injured tissue / stimulation of wound healing.

Other enzymes – Produced due to increased production of wound-induced ethylene are

· Phenylalanine ammonia lyase, PPO, Peroxidase.

· GA synthesis also occurs in wounded tissues, and produce secondary effects viz., membrane formation, enzyme induction.

· GA stimulates sprout growth in damaged potato tubers.

· Other harmones include

Proteinase inhibitor – inducing factors.
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Wound healing, discoloration of damaged tissues

Responses to wounding include,

1. Induction / stimulation of enzymes due to production of C2H4, GA, and other hormones.

· Suberization (eg. Carrot, Potato, Sweet potato, Yam)

· L:ignification (eg. Orange) of cells at wounded area.

2. Cell division beneath suberized layer – wound 'Periderm' is formed, several layers of thick cells, Eg: Potato.

(Suberization, Lignification, Periderm form – env. factors).

(1) Light suberization – 1 – 2 weeks @ 2.5 – 5oC, in 4 days C 10oC, 1 – 2 days at 20oC.

(2) Complete suberization – 3 – 6 weeks at 5oC, 1 – 2 weeks @ 10oC, 3 – 6 days at 20oC.

No Periderm formation – Until 3 – 5 days after wounding at 20oC, 1 – 2 weeks at 10oC and upto 4 weeks at 5oC.

(3) Periderm formation – 5 – 7 days @ 20oC, 9 – 16 days @ 10oC, 4 – 9 weeks @ 5oC.

Optimum Wvpd for wound – healing @ 10oC – 0.2 m bar

Atm. composition influences wound – healing.

· O2 conc. < 10% - inhibits suberin formation / Periderm formation (Potato)

· O2 con. 1% - no periderm formation, slight suberization occurred.

· CO2 @ 5% and above 'inhibits' suberization / periderm marked effect @ CO2 – 10% and above.

Eg. Orange. RH 90 – 96% @ 30oC – optimum wound healing

Discoloration of damaged tissues.

· In damaged cells oxid. of phenolic compounds occurs by the phenol oxidases – colored end products.

Eg. Melanin formation from A.A. tyrosine

The chain of reactions include

Tyrosine
 3-4 – dihydroxyphenyl alanine



 3-4 dioxyphenyl alanine



 5-6 dihydroxydihydroindol-2-carboxylic acid



 5-6 dioxydihydro indol-2-carboxylic acid (Red colour)



 5-6-dihydroxy indol-2-carboxylic acid



 5-6-dihydroxy indol (Melanins – Black)

· Melanin formation induces black / grey colour in damaged potato tubers.

Other common substrates for Phenol-xodiase

· Chlorogenic acid

· p-coumaryl-quinic acid (But pig – not intensely colored)

Apples – (Brown color – Flavons as substrates)

Banana – (Dopamine – main substrate)
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Responses to diseases and pests

Plant material which is attacked by pathogens or pests suffers cell damage, which can be followed by the aberrant reactions men​tioned in the previous section. Pest attack can thus, for example, lead to localized ethylene production in fruit and consequent pre​mature ripening reactions. It can also lead to the formation of melanins and other pigments in affected tissue resulting in discol​orations. In the tea-leaf, attack by pests such as mites and aphids can lead to enhanced production of volatile terpenoids and im​prove the ultimate flavour of the tea (Schwimmer, 1978).

The examples mentioned are purely host-responses to damage, as described in the previous section, but they -can also lead to host-pathogen or - pest interactions. For example, the hormone​induced synthesis of proteinase inhibitors which follows tissue damage in the leaves of many species (Walker-Simmons and Ryan, 1977b), ~an, if the damage results from insect attack, pro​tect against further attack (Green and Ryan, 1971; Ryan,' 1973).

Apart from interactions resulting from the response of the host alone, with its own specific biochemical make-up, there, are in​teractions in which enzymes and substrates absent from the I:).ost, but secreted or induced by the pathogen or pest, also participate. This gives a greatly increased potential for aberrant reactions.

Host-pathogen interaction may be exhibited. in several ways. There are reactions directly associated with the. rotting of the tis​sue; there are very many aberrant reactions which have no appa​rent influence on the development of a rot although they may contribute to its symptoms; there are specific nutritional require​ments of some pathogens which limit their host range - and the same applies to some pests; there may be resistance to attack, which often changes with the physiological state of the host; and

There may be limitation of the spread of a rot because 'Of sub​stances produced in or near the lesion or elsewhere in the plant ​this can also apply to insect attack as mentioned above. These different aspects of interaction will be considered briefly below. Greater detail will be found in Eckert (1978) or in, for example, Heitefuss and Williams (1976).

Limitation of host range

Most organisms, including pathogens, thrive over a fairly limited range of pH. The acidity of the cell sap of a commodity thus in​troduces a broad segregation of the pathogens which can attack it. The bacterial soft rots, for example, can attack only material with a pH above about 5. As a result, many fruits are immune) from attack whereas most vegetables are susceptible. There are other, more specific, limitations of range, such as the restriction of Penicillium digitatum to citrus fruits, probably because of a requirement for terpenoid stimulants of spore germination and for specific nutrients (PeIser arid Eckert, 1977; French et al., 1978).
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Physiological resistance to initial attack

Water loss can have a marked, though inconsistent, effect upon susceptibility to attack by pathogens. Thus, in the carrot, Thorne (1972) found wilting (water loss> 8%) to increase susceptibility to infection by Botrytis and Rhizopus, and a similar effect can be observed in the case of Botrytis infection of stored cabbage (van den Berg and Lentz, 1973). On the other hand the susceptibility of carrots to Centrospora acerina and of citrus fruits to Penicil​lium digitatum is decreased by some degree of water loss (De​nnis, 1977; Eckert & Kolbezen, 1963). The mechanism of the above effects may be physical - the drying-out of water films which favour spore germination and hyphal growth for example, or, in the case of increased susceptibility of the wilted carrot, cell separation  has been invoked as a predisposing factor (Thorne, 1972).

Plant tissues may also offer resistance to initial attack by pathogens because of the presence of specific fungistatic or bac​teriostatic substances. Examples are the tannins (Greene and Morales, 1967) and 3, 4-dihydroxybenzaldehyde (Mulvena et al., 1969) in bananas, and benzyl-isothiocyanate in papaya (Patil et al., 1973).
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Manipulation of Post-Harvest life

· Post-harvest treat. given for extending storage life.

· To improve quality

· Fruits & veg. subjected to water loss during storage which takes place continuously & at minimal rate.

· Changes in composition & metabolism – Pathogen

· Aim of storing is to reduce or eliminate the storage life.

· High RH reduces H2O loss, but enhances bacterial rotting.

1. Cereal grains

· Relatively inert when kept dry

· Moisture % should'nt exceed 12%

· Storage hazard – Pest

2. Tubers & root crops

· Are subjected to bacterial / fungal diseases, which penetrate thro' wounds.

· Initial storage condition should favour wound healing

· Wilting most important in carrot / beetroot

· Renewal of growth – Potential source of loss in veg.

3. Leafy vegetables

· Primarily subjected to H2O loss

· Oxid. discoloration occurs at cut surfaces

· Rotting, chll loss, floret opening – are causes of damage

4. Materials eaten immature

· Rapid & continuous biochemical changes occur & results in

· Loss of flavour / keeping quality. Eg. Asparagus, Mushroom

· Rapid H2O loss

· Pathogen infestation occur

5. Closely packed leafy vegetables

· Outermost lvs loose H2O desiccation occurs.

· H2O loss – serious problem in dense materials

· Necrotic spots, off-flavour, chll loss, pathogen attack are major problems

6. Soft fruits

· They are harvested ripe, so to be marketed immediately.

· Fragile, easily damaged during transit

· Fungal attack takes place immediately on damaged portions

· Since matr. fully ripe – rapid metabolic changes occur

· Extn. of storage – leads to greater loss

7. Ripe fruits

· Liable for pathogen attack than soft fruits

· Rapid biochemical changes associated with rapid senescence

· Main obj. is to store, and delay senescence / wilting

8. Unripe fruits

· harvested and stored unripe

· amenable for physiological manipulation during storage

· If we plan to store for a long period, dehydration / pathogen attack should be avoided.

· Take disease control measures before harvest.
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Water loss – changes in composition and metabolism

Post-harvest losses

· The condition / marketable life of harvested produce are mainly affected by

· Temperature

· RH

· Composition of atmosphere

· Pest & diseases

Post-harvest losses occur due to

1. Moisture loss

2. Loss of stored energy

3. Loss of Vitamins & others

4. Physical loss due to pest/diseases

5. Loss due to physiological disorders

6. Fibre development

7. Greening Eg. Potato

8. Root/Shoot growth

9. Seed germination

Effect of pre-harvest environment on post-harvest losses

1. Temperature

· When night temp. falls below 21oC (Australia) 'internal browning' occurs in Pine apple.

· Oranges grown in tropics have  TSS, sugars than grown in sub-tropics.

· Tropical oranges – less orange color / peel hard

· Due to low diurnal temp. variation disorders occur rather than due to actual temp. differential.

· Coimbatore – Night temp. falls below 17oC (Nov) when fruits mature and diurnal variation is above 11oC – Fruits harvested after this climate.

· hard & thick peel (Putrescine content)

· Low juice content (Putrescine content)

· Unsuitable / fetch low market value

2. Nutritional status

    Fruits receiving high N produce fruits of

· Poor keeping quality

· Flavour affected (Physiological disorder)

· Poor color Eg. Pome & stone fruits

· Prone to pest / diseases

Eg. Apple. Cadef – 'Bitter Pts'


      Tomato. Cadef – 'BER'

Strawberry – Colourless nature is called 'albinism' 

(due to high K : Ca / N2 : Ca ratio)

Eg. Avocado – 'Chilling injury' – Apply Ca – foliar spray

· Citrus fruit – Appln. of 'K' – affects shape,  acidity (K  sweetness in fruits)

3. Light

· Eg. Pulses – 'P' is important.

· Citrus / Mango – produced in full sunlight had

· Thin skin

· Low fresh wt.

· Low juice content

· Low acidity / High TSS

· Citrus – grown under shaded – less to chilling injury

· Banana – grown under shade – linear shape – narrow circumference. Pulp : Peel ratio – low.

4. Water relations

· Crops having high moisture content – Poor storage quality.

· Hybrid onions gave high yield due to high moisture but poor shelf life

· Banana – fully mature, if rainfall occurs / irrigation given before harvest – fruits easily split during handling.

· Oranges – Turgid during harvest – oil glands in skin ruptures to release phenolic compounds.

· Leafy vegetables – Too much rainfall / irrigation 
leaves become hard / brettle. Leaves and to disease.

· Mango – Fruits harvested during rain – unsuitable for post-harvest hot water treatment. Hot water treatment can be given after drying.
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Controlled and modified atmospheric storage

and

Control of metabolic change by chemical and physical treatments

Surface coatings

1. Lipids and waxes


Lipids and resins adding to the coating formulates to reduce gas exchange tend to improve hydrophobicity. It also gives glossiness. Lipids components and coating materials include natural waxes like carnauba wax, candedilla wax, rice bran wax, bees wax are important natural waxes. Petroleum based waxes  paraffin wax, polyethylene wax are also used. Petroleum based oils, mineral oils, vegetable oils, acetoglyceryls and oleri-acids are also used. Among the vegetable oils the important oils are corn oil, cotton seed oil, soybean oil and palm oil. Resins like shellac, wood rosin and coumarone indane also used in a proportion mainly to give glossiness. But fruits coated with resins have been reported to develop whitening of skin due to condensation of molecules when the fruits are transferred from cold storage to ambient temperature. The permeability of lipid to water vapor and gases depends upon chain length polarity and degree of saturation.

Polysaccharides


The polysaccharide based coatings are extensively used for their selective permeability to O2 and CO2 resulting in modification of internal atm of the fruit but not to H2O. The inability of these materials to provide glossiness and also to minimize moisture loss various resins are mixed with polysaccharide in a suitable proportion. The imp. Coating materials with polysaccharides are cellulose materials in methyl cellulose (MC), hydroxy propyl cellulose (HPC), hydroxy propyl methyl cellulose (HPMC) and carboxy methyl cellulose (CMC). Among the CMS is very often used as coating material. These are soluble in cold H2O and organic solvents but not in hot H2O. They yield tough and flexible, transparent films can be decreased by adding. The plasticity of the polysaccharides polyols such as glycerol mannitol, sorbitol, poly ethylene glycol etc. Commercial coatings have been developed and by using these ingredients these commercial formulants are called ‘prolong’, ‘semper fresh’, ‘nature seal’ – used in U.S, UK, France Chitosan – is a water soluble polysaccharide each is a linear polyamine obtained by alkaline deacetalization of chitin. It can form a semipermeable coating that can modify internal atm and decrease weight loss. This chitosan form an effective barrier to O2 and CO2 and not to H2O. It can also inhibit grth of fungi and preserve post harvest quality of frts. Nutri-serve – is an imp. Commercial formulation containing chitosan.

Proteins


Protein based coatings are very good barriers for oxygen and CO2. But at the sametime they absorb moisture at high RH. By developing a composite or bilayer coating material containing proteins and a hydrophobic materials can be used to overcome the defect. For eg. Whey proteins ar emixed with glycerol or sorbitol and effectively used as coating material.


Sodium caseinate, soya protein and wheat gluten can be improved as effective coating materials by adjusting the pH.

Physiological implications of coating materials


Surface coating can delay ripening of fruits by modifying their internal atmosphere almost imitating the controlled atm (CA) or modified atm (MA). The effect of reduced O2 and elevated CO2 will reduce respiration as well as reduce ethylene synthesis but greater suppression of respiration also is a problem. The materials like wax, polysaccharides or proteins restricts the gas exchange and leads to anaerobiosis each will give off flavour when the frts were exposed to high temp. coatings have limited use during cold storage. Moreover the coating material also will be useless when trts are ge at advanced stage of maturity or a advanced stage of ripening.

Modified and controlled atmosphere


The tropical fruits are chilling sensitive and so they cannot be stored below certain degree of temp due to these phenomena the tropical fruits and vegetables have short shelf life. Under such circumstances modified and control atm. storage is a useful method of storing the tropical fruits.

Chilling sensitivity idea temp Si da

	Avocado
	I-V (Intermediate sensitive to very sensitive)
	4-13°C
	14

	Cherimoya
	V
	12-16°C
	14-2

	Durian
	V
	4-6°C
	21-4

	Guava
	I
	5-10°C
	14-2

	Mango
	V
	10-15°C
	14-2

	Mangosteen
	V
	13°C
	14-2

	Papaya
	V
	7-13°C
	14-2

	Pine apple
	I-V
	7-12°C
	7-21

	Sapota
	V
	12-16°C
	14-2


Modified atmosphere (MA)


MA refers to the atm that differs from ambient air whereas CA refers to strictly controlled atm. These have several potential benefits including retardants of maturation, ripening and senescence, alleviation and control of chilling injury. They will control pathogen also.


CA storage technology is not as promising for many tropical fruits as for temperature fruits. Except banana, other tropical fruits cannot be stored for prolonged periods under controlled condition. A CA compatible fruit can be characterized by the following factors.

1. The fruit must have long post harvest life.

2. Fruits must have resistance to chilling injury.

3. Must have resistance to large range of noninjurious atm.

4. Resistance to fungal and bacterial attack

5. Must have adaptation to humid atm

6. Fruits should not show any residual effect due to CA treatment.

The treatments are more suitable for tropical fruits during transport than for storage. A CA container in addition to temperature regulation will also have gas regulation for O2, CO2, C2H4 and also RH.

Modified atmosphere packaging


It refers to a devpt of modified atm around the product by the use of polymeric films. It is an inexpensive method compared to a CA treatment. The films have a relatively higher permeability to gases and H2O vapour but there must be 

1. effective control for disease infection and 

2. also prevent absorption of H2O and accumulation of C2H4

3. Modified atm for imp crops.

Banana


The post harvest life of banana is for 4 wks at 12-16°C. But banana fruits have to be given MA or CA treatment only at preclimactive stage. O2 atm must range from 2 to 5%. The CO2 atm also must be 2 to 5% and temp maintained at 13°C. If the O2 level goes below 1% and CO2 level goes above 5% the quality deteriorates and undesirable flavour and texture develops. Green frts at 80% maturity are normally stored in polybags of 0.04 mm thickness and using a vaccum cleaner the bags are evaluated and sealed. At the time of evaluation, high temp at around 40°C is desirable. After 3 to 4 weeks the atm within these bags will be 2.5% O2 and 5.2% CO2. This system of packing is called ‘Banavac’. By this method the frts can be maintained green upto 60 days.

Guava


The post harvest life of guava is 2-3 wks at 5-10°C. The post harvest life can be extended by packing the fruits in 300 guage polythene bag. The fruits also can be coated with cellulose or carnauba wax emulsions. But coating causes less colour devpt and more surface blackening.

Mango


The post harvest life of green mango frt is 2-3 wks at 10-15°C. Mainly ulphonso fruits are considered for storage as they are used for pulp making. It has been found that alphonso frts can be stored in 7.5%. CO2 atm at 8.5-10°C for mor ethan 35 days. For many other mango frts the optimum storage atm is 5% CO2 and 5% O2 and temperature is 12°C. These industries are using the ethylene absorbants like activated charcoal, vanadium oxide, potassium permanganate.

Papaya


The shelf life is very very poor. It is b/n 1-3 weeks at 7-13°C. But if you decrease the O2 concentration to 1% and increase the CO2 to 3% and store the fruits at 13°C, the fruits can be stored for more number of days above 3 weeks. The fruits must be harvested at colour break stage. Treating with horf H2O at 48°C for 20 min and dipping in Benlate solution (or Bavistin 0.02 to 0.05%).

Lecture 33 

Hormonal methods in handling harvested produce


It is an active component of coal gas (smoke). C2H4 can be produced by almost all parts of plant. But the meristematic and nodal regions are more active. Methionine is the precursor of ethylene and it has been discovered that in b/n ethylene and methionine ACC is the main intermediate (1-amino cyclo propane –1- carboxylic acid).


The molecular weight of C2H4 is 28 and is lighter than air. It is inflammable and readily undergoes oxidation. From the methionine the ethylene is synthesized by pathway.


ACC synthesis is a key regulatory enzyme. In the case of tomato, a green tomato was developed by biotechnological means by introducing an antisense DNA from Agrobacterium tumefaciens.


Ethylene synthesis is also triggered by stress with is called stress ethylene. Auxin and ethylene have similarly responses much time. Amino ethoxy vinyl glycine (AVG) is an ethylene inhibitor. Another chemical is amino oxy acetic acid (AOA). These two chemicals prevent the synthesis of C2H4 by inhibiting the activity of ACC synthase. Those enzymes each use pyrridoxal phosphate as a cofactors can be inhibited by these chemicals and ACC synthase is also one such enzyme. Cobalt ion is also an inhibitors. AgNO3 or silver thio sulphate are also used for post ponemu of ripening. All these will inhibit the activity of ACC synthase CO2 conc at 5 to 10% will inhibit the C2H4 syntheiss. The impact effects of C2H4 is 

1. Triggering the climacteric rise of respiration in climacteric fruits. In non-climacteric fruits also it is released slow and 

2. The colour break is possible only because of C2H4 in non- climacteric fruits

3. C2H4 is responsible for triggering the production of cell wall softening enzyme like Polygalacto uronase and also starch hydrolyzing enzymes.

Even at 1 ppm in (1µl.l) ethylene is biologically active. Commercially ethephon or ethrel can release ethylene. It is 2-chloroethyl phosphoric acid.

 CH2 = CH2 + H2PO4 + Cl-


ethylene

[calcium carbide  Acetylene]

Example: Banana – 2000 ppm ethrel dip or spray.
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 Post harvest physiology of flowers

Postharvest Handling of Field Cut Flowers

Keys to longest vase-life (postharvest longevity)

· Sufficient sugars/carbohydrates

· Sufficient water

· Maximize through proper conditions at all stages: pre-, during, post harvest

· Goal of all: minimize stress ® increase vase-life

Pre-harvest/Production factors affecting post-harvest life, quality

Soil--proper for plants, or stress created

Fertility--adequate, not excessive

Light--ensure best possible, appropriate for plant

Temperature-- cool prior to harvest is ideal if possible, more carbohydrates (sugars and other reserves to help plants last)

Moisture--plants should be turgid, well-watered prior to picking, and through season

Pests--create stresses, more importantly make flowers unsalable

Time/Stage of harvest 

(optimum, may vary with marketing)

Time of day: -flowers that lose water rapidly harvest early in morning, after dew dries so don't stay wet and get disease

-others harvest early in morning or evening, latter best as most sugars late in day

Temperature: cool or cloudy best (less transpiration/water loss)

Stage: -varies with individual species, see references

-May vary with marketing purpose or customer/broker desires (more open for direct retail or certain florists, or often for drying)

-Longest vase-life from certain stages, based on flower development from tight (peonies) to just opening (such as daisies and spike flowers, if in doubt for species use this) to fully open (yarrows) Into?: immediately at least into water, preferably for many into preservative

Postharvest factors affecting vase-life

Light--presence decreases, uses up carbohydrates (sugars)

Moisture--higher better, 60-80%RH, less transpiration (loss of water through leaves)

Temperature--cooler generally better, 40ºF, less water loss and depletion of sugars

-Cool before packing, can be done with cool water

-Warm water (100-110ºF) to rehydrate if wilted, also to speed opening

-Don't freeze

-Most tropicals, few perennials, keep above 50ºF

Water quality--keep clean, replace every 3-4 days

-Elements in water may be factor: fluorides injure some (gerbera, freesia)

-Tap vs. distilled? no real difference, in studies at UVM:

-No significant difference for 16 species using Burlington tap water

-among 3 asters and one phlox tested, and 12 sources from across U.S., only one aster had significant differences (5 days), 2 sources yielded longer vase-life when Oasis preservative also used

-pH acid (3.0-5.5) best: deters growth of microorganisms which clog plant stems, flowers take up acid water quicker, most floral preservatives work best at

-Low alkalinity below 200ppm is best to avoid problems

-Testing at state university labs, private labs (see suppliers), on-site kits:

Hach Company, Loveland, CO 303-669-3050 

Typical analysis of tap water (Burlington, VT), units in ppm, 8/18/89

	P 0.00
	K 1.12
	Ca 18.20

	Mg 4.25
	Mn 0.00
	Fe 0.00

	Cu 0.037
	B 0.00
	Zn 0.00

	Mo 0.00
	Al 0.03
	Na 12.2

	pH 7.47
	salts 0.18
	alkalinity 66.7

	chlorides 11.7
	fluorides 0.00
	 


Gases--ethylene bad for many flowers, many close ("go to sleep" as in carnations)--age prematurely

-Avoid storing with fruits, vegetables; also produced by damaged tissues, aging flowers so keep old flowers away/compost, ventilate storage

-STS (silver thiosulfate) usually helps prevent damage

Recutting stems--tend to become blocked with bacteria, air bubbles

-Recut stems under water, cutting 1" off base, every 3-4 days; may not be needed (as with 3 species tested at UVM) but good insurance and can only help

-Use clean containers, warm acid water helps reduce air bubbles

-Probably best to replace preservative; in UVM studies added 2+ days to life

Storage--minimize, follow above, maximum 3-5 days

Preservatives

Purpose-- keep water acid, provide sugars, some-- counteract ethylene effect

Types--most home remedies like aspirin, little or no effect; effective is 50:50 v/v lemon-lime soda and water (acid, provides sugars) but expensive for commercial 

-Which is best? in studies at UVM varied with species, for some tap water was no different, Oasis and Floralife and Rogard among top treatments tested

-Main point: use a preservative, in most cases beneficial, and in many cases (sources, species) better than tap water

Products: (some key sources as examples, check with supplier for more)

-Floralife, 800-323-3689

-Gard, 800-433-4273

-Pokon and Chrysal, 800-247-9725

-Smithers Oasis, 330-673-5831

STS--silver thiosulfate, counteracts effects of ethylene on sensitive flowers

-"pulse" or simply put in solution for about an hour, remove, rinse and place in final solution

-May not be needed/useful if no exposure to ethylene (as with 3 species at UVM), but unless can guarantee this should be used

-May need to consider disposal options to minimize environmental effect, check with supplier for recovery systems and recycling centers for options

Flowers Sensitive to Ethylene 

	Achillea
	Aconitum
	Agapanthus

	Allium
	Alstroemeria
	Anemone

	Antirrhinum
	Aquilegia
	Asclepias

	Astilbe
	Bouvardia
	Campanula

	Carnation
	Celosia
	Centaurea

	Chelone
	Consolida
	Delphinium

	Dianthus
	Dicentra
	Digitalis

	Eremurus
	Eustoma
	Freesia

	Godetia
	Gypsophila
	Iris

	Kniphofia
	Lathyrus (Sweet Pea)
	Lavatera

	Lilium
	Limonium
	Lupinus

	Lysimachia 
	Matthiola (Stock)
	Phlox

	Penstemon
	Physostegia
	Ranunculus

	Rosa
	Rudbeckia
	Salvia

	Saponaria
	Scabiosa
	Sedum

	Silene
	Solidago
	Thalictrum

	Trachelium
	Tricyrtis
	Triteleia

	Trollius
	Veronica
	Veronicastrum
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