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CHEMICAL CHANGES IN FREEZE-DRIED BANANAS

I. INTRODUCTION.zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

Bananas belong to the tamily Musaceae, genus~, comprising

thirty-two or more diatinct species and at least one hundred subspeciea

(Von Loesecke, 1949). Thie genus is divided into two broad eections,

Eumusa with edible truit and Physocaulis with inedible fruit. The cul-

tivated varieties oi bananas are innumerable and 10 contusion partly

due to bud variation, and partly due to the tact that the same variety

ia known by diiterent names in various banana-produc1og regions. The

earliest home oi bananas ia presumed to have been in the humid tropical

regione ot Southern Asia. In 327 B.C. the armiea ot Alexander the Great

tound the iruit abundant in the valI e,.oi the L'ldue (United Fruit Co. t

19}6). The carbohydrate present in ripe sweet bananas ia highly digesti-

b1e and is we1l tolerated by people sut!ering trom various intestinal

disorders (Simmonds, 1966; Bilenker, 1960). It is one or the important

economic crope 10 several South American countries, especially Brazil

and Ecuador.

Approximately h.a.lrof the bananas oi the world are eaten raw and

ripe. Ao alternative means oi preparing greeri bananas ia occasionally

tound 10 Uganda where the truit ot clone5 normally devoted to beer

making is sliced, dried in the sun to yield chips irom which a porridge

ia made by boiling (Simmonds, 1966). The more important banana products

are jam, paetea, 1'l.akos,flour, and powder.
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Banana powder is made b1 passing the pee1ed truit through a meat

ehopper to obtain a slurry whieh may be dried on drums. The alurr,y

ean a1so be spray-dried and this process haa been used 10 Brazi1.

Banana powder (ripe frui t) is used chiefly 10 therapeutics and 10

preparation oí malted milk beverage. Banana fiour (unripe fruit) has

been used more tor bread mnking. Samish and Couss1o (1965) reported

the production of dehydrated fiakes as a means of uti1izing surp1us

bananas. They eonc1uded that the drum-drier method oftars an exce11ent

potential tor utilization of surplus bananaa;

Freeze drying is·a modem method for dehydration of foods. The

moisture is removed from foods 10 the frozen stato b1 sub1imation

under high vacuum. The 10v temperature oí the proeess inhibits unfavora-.

ble cheMical and bioehemical reactions and minimizes losses oí nutrients,

vi tamins, pigmen ts, and volatile eoepcunda,

The procesa oí freeze-dr,ying ia recognized 1odustrially. It MS

been app1ied to preserve mushrooms, shrimps, beef steaks,soup mixes,

ehives, onions, bananas, strawberries, asparagus, ete. The more expensive

products are better suited for freeze-dry1og because they can absorb tho

high cost of operation. Freeze-dry1og offers a better future for pre-

serving bananas because of the improved qualit1 and 10ver shipping cost,

eompared with traditional methods.

In this vork the effect oi slov and quick freez10g prooesses and

oí storage temperature on stabi1ity oí freeze-dried bananas was 1ovesti-

gated. The chemical ehanges and the deleterious efíect oí these changes

on the quality and nutritive value oí the product ware evaluated.

Tho polyphenolic oompounds 10 the !reeza-driod bananas vere identi-

t1ed b7 paper ch.."'Omatographyand ehromogenio methods.
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11. LITERATURE REVIE'lII.

Freeze-drying.

Freeze-dry1og oí fooda ia now widely uaed in commercial operation.

Some years ago it waa notMng more than a laboratory curioaity. Low

temperatureevaporation oí water under vacuUQ to produce freczing íollowed

by sublimation oí the 'ice waa shown by William Hydee Wollaston to the

Royal Society oí London in 1813 (Flosdorf, 1949).

The application oí íreeze-drying to the commercial production oí

dehydrated meats and orange juice powdera was suggested by Flosdor! in 1945.

In 1946 Barker !l~. showed that the culinary quality oi íreeze-

dried peas was comparable with that obtained by ordinary íreezing methods.

Development oí a new method for the production oí orange powder waa

attempted during World War 11. Tbe experience of those working 10 the

tield oí blood-plasma dr,ying waa applied. Tbe fundamental approach íor

dr,y1og írom the írozen state waa uaed (Sluder !l!1., 1947).

In 1949 Floadorf discussed the equipment for íood freeze-dr,ying

oí raw meat, &hell íish and othera.

The initial work oí th1s process waa carried out in 1951 in a

plant at Aberdeen by ~S Atlas oí Copenhagen (Hanson, 1961). During

the subsequent ten years several improvements were made over the other

methods oí dehydration employ1og hot air and vacuum. A much faster and

better method ...-aadeve10ped known as "Accelerated Freeze Drying" (Cotson

and Smith, 1963). In October, 1961 there 'Waaa aymposium at the Borough

Polytechnique, London, U.K.t to Burvey the íreeze-drying oí toods.



In 1963, the U. S. Department of Agriculture pub1ished a bibliog-

raphy of se1ected referencea on the íreeze-dr,y1ng oí fooda. In 1960,

the Armour Company oí Chicago provided an experimental íactory to atudy

the commercial capabilities oí the processe

A. ~eezing rate.

When fooda are frozen, ice cr.ystals oí smaller or larger size are

formed, depending on whether the freezing rate is rapid or slow. ItlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

V8S atated that the íine pore atructure obtained during quick íreezing

reduced the rate oí dr,ying. TMs opânãon ia supported by the obaerva-

tion that meat frozen slowly dried faste~ than meat frozen rapidl7

(Burke and Decareau, 1964). In.rapid freezi.ri.~,ice cr.ystals oí ver.y

small size are formed inside the ce11s. If the freezing rate ia slow,

larger ice cr.ystals are formed extrace11ularly.

Rapataz and Luyet (1959) atudied the mechanism of ice formation

and propagation 10 beef muscle. They observed that slowly frozen fiber

contains large ice masses which comp1etely mar the structure and ob1iterate

the atriations. In more rapid freezing, the atriations can atil1 be ob-

served. Wh.en libers frozen slowl.yor rapidl.y are thawed, their original

structural characteristice quickly return, 10dicating a rapid redistribu-

tion oí water.

Wang !!.!l. (1954) studied the histology and histo-chemistry oí

bee! dehydration. The morphologioal pattern o! !reeze-dried muscle

tissue depended upon the cooling rate and the pre-freezing temperature.

LeetsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA~!!.. (1966) compared !reeze-d.rying, sun-drying, hot-air-

dehydration, and dehydro-!reezing o! peaches. For !reeze-drying, the
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material was treated by slow freezing, quick freezing and partial osmoaia

in sugar prior to !reeze dehydration. They !ound that cell wall rupture

occurs during conventional íreezing. In quick frozen peachea, the size

or ice crystals vere substantially smaller and cell damage was negligible.

1n rapid freezing o~ biological materials, t.o closely related

problems arise. The íirst ia the dependence oí the cooling rate oí tho

sample on its aize, shape, and thermal propertiea. The second is the

relation oí the aize and number oí ice orystala to the thermal history

or the sample. When the ice crysta1s grov they release the latent heat

ot crystallization. Thia heat release modiíies the course oí the cooling

and consequent1y the temperature distribution in the sample. Conversely,

the ra te at ""hicha given ice crystal can grov depends on ita size and

temperature distribution oí the surrounding medium (Stephenson, 19óO).

Salt concentration and rates oí íreezing have been shown to condition

the orystal structure of trozen material, thereby influencing the practica-

ble rates of íreeze-drying (Ro""e,1960).

Love (1962) studied the mode oí growth oí ice crystals in pre- and

poat-rigor muscle oí frozen íish. 1t was established that the ice \iaS

mostly intracellular in pre-rigor muscle regardless oí freezing rate.

Post-rigor muscle freezes extracellularly when the freezing time \iaS

longer than eighty minutes. 1t was conc1uded that intracellular freez-

ing tenda to favor more denaturation in the pre-rigor musc1e.

Love (1962) !ound that the rate at ""hich cod muscle is !rozen

governa the size and disposition of the ice crysta1a. When freezing

time ""as10nger than eighty minutes, the ice crystals ""ereforced
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extracellularly in larger and íewer masses as the íreezing time was ex-

tended. When freezing time was less than eighty minutes, ice crystals

vere formed intracellularly. Kuprianof! (1962) studied the effect o!

freeze-drying on irreversible changes. Ice crysta1s may cause denatura-

tion ot proteins by mechànical action through pressure which results

trom the greater ice volume. From the standpoint oí avoiding freezing

damage, quick íreezing betore drying appears to be advantageous (Kupriano!!,

1962). ~en consideration i5 given to the whole freeze-drying process,

including reconstitution by adding water, many products show best recon-

stitution after alow freezing. B.1 thia process larger bole a are produced

Which permit better penetration oí water and faster escape o! the air.

Kuprianof! (1962) atated that in most cases there is no marked inactiva-

tion oí enzyme syatema through freeze-drying because the process minimizea

protein damage, and dry enzymea usually have good stability at room tempera-

tura. During and after reconstitution ot the product, the potential for

increased enzymic activity ia reatored. The enzymic activity dependa on

the water content, processing conditions, atorage temperature, and atorage

time.

Luyet (1962) atated that the rata oí initial freezing plays a funda-

mental role in the structure of frozen material and in the following procesa

ot vacuum desaication and rehydration. Significant atructural differences

are observed between alow and quick írozen muscle. A gradual increase in

íreezing velocity permits one to obtain ice particles oí smaller size.

Burke and Decareau (1964) atated tbat one disadvantage oí quick

treezing ia the alower rehydration rate beoause air trapped in the fine

porea resiata penetration by water.



There are some recommendaticns to obtain optimum freeze-drying re-

sulta as fo11o~s:

a) determine the point of complete solidification; b) determine the

temperature at ~hich me1ting occura; c) freeze the food atOa temperature

or complete solidification; and d) during aub1imation the temperature

muat be kept be1o~ the me1ting point.

Meryman (1962) discussod the kinda of injury causedtsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAby freezing.

Meryman and Platt (1954) conc1uded that tissue injury was caused by con-

centration oi aolutea rather than mechanical damage by ice cryata1a.

B. Drying.

In freeze-drying, heat ia tranaferred by conduction inside the prod-

uct. Once the ice phase Ma disappeared, the bound water must be removed.

This water ia retained bi capillary forces. The removal of bound water

bas been called secondar,y drying (Burke and Decareau, 1964).

In drying the frozen product the alab receives heat irom an externa1

source. The heat ia then conducted to an ice-dried layer interface. The

vater vapor sublimes from the interiace, moving through the dried 1ayar

and fina11lkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAy escaping to the chamber. As drying proceeds, the ice phase

recedes inward and becomes surrounded by a 1ayer oí porous, dried material

(Rarper and Chichester, 1962). The drying process involves a balance

between the outward flow oí vapor and the inward flo~ of heat. Vapor

movement from the ice phase takea place by hydrodynamic flo~ as a result

of a gradient in total presBUre and by diffusion resulting irom a gradi-

ent in partial pr-easuz-eof water va.por (Rarper and Chichester, 1962).

7
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The procesa oi dehydrating a frozen material can be divided into

three stepa:

a) The 1otroduction of heat to 6Upply the energy necessary for

sublimation;

b) The transfer of water vapor írom the subliming ice cryatal

through the alread,y dried aha11 of the material;

c) The removal oí water vapor that reaches the surface oí the

speoimen.

(Meryman, 1960).

The speed oí drying 10 anl íreeze-drying ayatem dependa direct11

upon the rate of app1ication of the heat necesaary to supply the

latent heat oí vaporization of ice (Greaves, 1960). Ií the layer of

material we are attempting to dry ws iníinitely thin, the amount or

heat tha.tcould be applied would be infinitely great, and the speed oi

CÜ7ing infinitely fast.

There are íive methoda by which heat energy may be transferred to

the product.

1. 10ert gaa heating

2. convection heating

3. die1ectric heating

4. radiant heating

5. conductive heating

Jackson !i~.(1957) atudied freeze drying oí peachea, using four

methoda oí tranaferring heat to the drying íruit. It vas shovn that

the efficiency oí heat trans!er limited the drying ratea. Maximum rataa

or drying were obtained by dielectric >iníra-red "">doub e p1ate /ai.ngle
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plate heat. Dielectric heat aeema to be moat promising for rap1d freeze-

drying.

Applicat10n of die1ectric heating to freeze drying has been discussed

by Leathermann and Stutz (1962), Jackson ~!l. (1957) and c.?pson (1958).

The method appears particularly desirab1e for reducing the time required

in freeze drying because in dielectric heating the heat is generated

internally directly in the frozen portion oí the material being dried.

The freeze-drying procesa ia characterized by a long final drying pbase,

due ma.in1y to the diíficulty in 6upplying heat to the interface oí j.ce

with thelkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAdr,y la,-er.

Methods of application oí microwave energy in industrial procesa

was discussed by Gal1 and Plante (1962) and Decareau (1961).

Heating by radiation from heated plates to loaded trays instead of

conduction is a good technique for improving uniformity oí heating

(Seltzer, 1960).

Problema related to heat and mass transfer is discussed by Lambert

and Marshal1 (1962). The rate of movement of water through the dry cake

above the sub1iming interface depends upon the sample temperature, the

structure of dry matter, the mean íree path of the escaping gas and the

moisture contente Good dryer performance depends on having good thermal

container, minimum spacing between evaporator and condenser and adequate

pumping capaci ty•

In order to determine the end point of the process, it i5 common

practice to apply a safety íactor, i.e., to dry for a period beyond that

considered 'lprobably aufficient". Kan (1962) discussed methoda to determine
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the end point oí the process through thermocouple measurement and vapor

pressure.

Meryman (1962) established the causes oí injur,y to foods due to

drying under vacuum. The absolute pressure in the vacuum chamber dependa

on the physical characteristics of the material and on the temperature

at wh1ch the frozen material must be maintained. In order to maintain a

vacuum, either a mecbanical vacuum pump or a steam-jet ejector ia needed.

The vacuum system for ireeze-drying haa been discussed by Rowe (1960).

The subl1cation oí ice and the evaporation oí water vapor from

frozen eutectic mixturea is an important process 10 freeze-dry1og. The

partial pressure oí water vapor at a irozen surface must exceed that at

points close to it. In an environment oi sti11 air at pressures irom

atmospheric dovo to a iew torr, co11ision between evaporating molecules

and those oi surrounding air retarda evaporat1on and causes accumulation

oi water moleculea 10 the region of the boundary between the solid and

the air (Rowe, 1960).

In freeze-dr,ying the partial pressure oí air above the surface is

kept at least 10 times lower than the preasure oi the water vapor. Low

partial pressures oi air and water vapor provide conditions favorable for

dry1og. Without a supply ai heat, the rate of evaporation would diminish.

When the product ia dried, destruction of the vacuum is obtained

when dry nitrogen gaa ia introduced into the chamber containing materials

liable to rapid oxidative changea 10 the dry state.

c. ~toraee.

Several changes take place in stored ireeze-dried tooda. Oxidative
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dater1oration of fata and o11s ia caused by the ox1dat1on of the un-

saturated fatty ac1ds, producing perox1des, aldehydea, ketones and

short-chain ac1ds. Potatoea, for example, contain only about 0.001% fat

wh1ch 1s thought to be respona1b1e for ata1ing of dehydrated potatoes

stored in air (Hanaon, 1961). Some of the oxidative reaction takes

place more rap1d1y at 10wer moisture contenta. However high moistura

contenta acce1erate the browning reaction. The 10w water content haa

prooxidant e!fect on autoxidation of 1ipids (Hanson, 1961).

The actual storage life o! a product at a particular temperature

ie affected by the moiature content, sugar content, and the method of

blanching (lianson, 1961).

The principal reaction 1eading to the degradation of frozen and

dried foodstufía appeamto be the oxidation oí pigment, protein, and

11pids, and the interaction oí compounds containing carbony1 groups with

thoae containing íree amino group (Rinfret, 1962). Browning ia largely

the result oí a comp1ex series of chemical reactions initiated by the

condensation ot reducing sugars and amino acida or proteina.

To protect freeze-dried foods againat oxidation, it is necessary

to sea! them in packages impermeab1e to oxygen, moisture, and 1ight.

During pro1onged atorage even at 10w temperatures, there is a slow

deterioration in the culinary quality of moat dehydrated foods. The

storage l1fe oí dehydrated fooda ia reduced by the development of

brown pigmenta. In a11 tooda, conditions that favor browning favor

other forms of degradation. The atorage 11ía of the product deoreases

with an increase in storage temperature (Hanson, 1961).
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Freeze-dried tooda must be rehydrated be!ore serving. Enzymatic

action under these conditions becomes ver,y rapid, sometimes even more

rapid than in the original material. As an examp1e, unblanched f'reeze-

dried mushrooma darken within seconds af'ter rehydration (Go1db1ith, 1963).

App1es, peaches, pears, bananas as we11 as other f'ruits darken on rehydra-

tion.

Baas and Stadman (1949) used ion-exchange resina to identif,y com-

pounds invo1ved in browning in apricots. Storage experiments showed

that the overall bro~~ing is the result o! reactions between the nitrogenous

constituent and sugar, between the nitrogenous constituents and organic

acLda , between sugar and organic acLds , and reactions invo1ving only or-

ganic acids.

Rarper and Tappe1 (1957) stated that the main deteriorative reaction

in dried !ruit is be1ieved to be the carbony1-amine reaction. They

observed that the amino nitrogen content decreasea when the dried apri-

cot darkena. It was found by Nicho1s and Reed (1931) tbat when app1es

and apricots were dried to a moisture 1eve1 be10w 10%, the co1or stabi1ity

was improved. The main deteriora tive reaction occurring during storage

of' f'reeze-dried bee! is carbony1-amine browning (Harper and Tappe1, 1957).

Huang and Draudt (1964) !ound several browning intermediates in freeze-

dried peaches stored at 1.68% moisture and above, but not at 0.55%.

Draudt and Huang (1966) studied banana and the changes during storage

related to oxidative and carbony1-amino browning. They !ound that in

both freeze-dried peaches and bananas, storage at 28°c causes 1ittle

change at moisture 1evels be10w lc(~. The peroxidase activity decreased

rapidly at a1l moisture·1evels during a~orage at 28-c. The polyphenoloxi-
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daae activity was most stable at low moisture levels. The eííect OI S02

on the browning react10n was 1imited. Alter a 190-day storage period

tbe Amadori compounds were íound in untreated freeze-dried bananas at

moisture 1eve1s above 0.70%, and 10 S02-treated samples above 3.75%

moisture.

Daoud and Luh (1967) studied the efíect oí moisture, packaging and

temperature on stability oí freeze-dried bell peppers. At higher storage

temperature more rapid 10ss of ascorbic, carotenoids and vitamins vaa

observed. One oí the 1imiting factors in the storage 1iíe ot freeze-

dried producta ia non-en~tic browning. A good way to prevent this

type ot reaction is to dry to low moisture content (Go1dblith~!l.,

1963). They also stated that oxidation oí 1ipids, pigments, vitamina,

and ílavor constituents is one oí the major problems 10 retention oí

quality °10 freeze-dried toods. Several systems to ávoid oxidation 10

freeze-dried íoods have been propoaed. Go1db1ith (1963) reported the

extreme sensitivity oí íreeze-dried íood system to oxidation at even

extremely low oxygen preasures.

Mild conditions of processing and storage wi11 minimize change 10

proteins and other constituents oí íood. Brekke and Allen (1967) coo-

pared the dehydrated bananas made by the air-blasting drying, drum

drying and íreeze-drying processes. The eífect oí su1!uring and storage

temperature were studied. Drum dried and freeze-dried bananas that received

bisultite pretreatment were 10 times more stable than the air-dried bananas.

The storage lire oí dried apricota decreased in proportion ,to the

quant1ty oi oxygen consumed by the fruit. The rate oí oxygen consuopt10n

is greatly 10creaaed by increnaing the moisture content over the range
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10-25%, by increasing the partial pressure oí oxygen, and by increasing

the temperature of storage (Stadman ~~., 1949).

Syn and Luh (1965) atudied the storage stability at 32, 68, .and

98°F of freeze-dried aaparagus packed in plastic laminates and aluminum

foil pouches.

Landman ~~. (1960) stated that high temperatures accelerated

the browning rate in íreeze-dried beef. Debydration of bananas Voas

studiedlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAby Bathia ~ !! •.(1962) and Amin !l!!. (1962).

Investigation on the packaging and storage oí some debydrated tropi-

ahelf liíe of 4-5 months at 37°C, and 8-12 months at 24-30°C may reasona-

cal íruits has shown tha.t the best equilibrium relative humidity is 51%

for dried pineapple and 60% for dried banana, mango, and papaya , A

bly be expect.ed for debydrated bananas, pineapples, papaya and mangoes

containing about 1,500 ppn SO":)and 15-20% moisture (Bathia et al., 1962).
•... --

Cavendish bananas were converted experimentally into debydrated

flakes in a drum drier. A tasting pane1 judged flakes produced from

bananas which had been steam b1anched prior to debydration to be superior

to those prepared frem unblanched fruit. App1ication oí S02 improved

the co1or oí the í1a~es. The keeping quality oí the product was satis-

The ~Jpes oi materials used for packaging can be classified as

íactory when moisture was below 2.6%. For packing, vacuum sealed tin

can was the most satisfactory. High storage temperature affected the

product (Samish!l!!., 1965).

metallic and non-metallic (Bowman, 1963). The metallic containers have

the advantage of protecting the iood irem mois~ure, oxygen, and light.

The common non-metal.lic materials are plastio, paper , and glaas.tsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

--- --- ~-----------------------------------------------------
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Freeze-dried products are hygroscopic. They must be protected against

taking up of moisture during storage. The moisture pick-up initiates

caking and undesirable changes. Besides moisture, oxygen must be excluded

1n containers for freeze-dried foods. The packages must have no vapor

transmission and retain their physical integrity under a wide range of

storage conditions.

To achieve the required protection in packaging, it is neces5arJ to

study the properties of the food product in questione The most important

consideration is the íragility oí the product, its liability to damage

the package, and its tolerance leve1s to moisture and oxygen (Taylor, 1963).

D. Polyphenols in bananas.

The majority oí plant coloring matters are phenols. Such co~pounds

for the commonest and largest class oí secondary plant constituents

(S'Wa1o, 1962). According to Swain (1962) the term "flavonoid" was

originally restricted to the compounds bav10g l.5-C atoms structura1ly

based on the parent substance, f1avone. The basic structure for the l,5-C

atoms consists oí C6-C3
-C6 carbon ske1eton such as flavones, flavono1s,

navanones, isoflavones, chalcones, aurones, flavan 3-01s, !lavantsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA3,4-

diol, and navanonols.

They di!fer irom each other 10 the degree oi oxidation oí thelkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

." '.

central pyran ring. . .
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Bate-Smith (1954) reviewed the nature and chemical con3titution of

the flavonoid compounds in foods. He stated that most oí the flavonoid

cocpounds exist in plants as glycosides. When the mo1ecu1e is free oí

sugar, it is ca11ed aglycone. According to Grisebach (1965) it is now

certain that ring A of the flavonoids is formed by a head-to-tai1 condensa-

tion of three acety1 (malonyl) units, while ring B and carbon atoms 2,tsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA3,

and 4 originate from an intact pheny1 propane unit.

1. Cinnamic acids:lkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

< )-CH = CH - COOH cinnamic acid

B.1 substitution in the arom.tic ring the fo110wing result:

I!O { )-CH = CH - COOH

OH

HO~_ )-CH= CH-COOH

OCH
3

HO~ }CH=CH_COOH

p-coumaric acid

caffeio acid

ferulic acid

= C"A - co(m sinapic acid
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The acids do not usua1ly occur in the free state but rather as eatera.

For examp1e, the welI-known chlorogenic acid is an ester of quinic and

caf!eic acids (Neish, 1964). More recently othar depsidea have been iso-

lated, inc1uding neo- and pseudo-chlorogenic acids !rom peaches and sweet

potatoes (Swain, 1962). It has been shown by Wi11iams (1955) that in 2%

acetic acid, chlorogenic acià and other cinnamic acid derivatives give

two spots due to the separation o! the cis- and trans-isomers.

2. Importance.

Polypheno1ic compounds are important compounds re1ated to taste,

enzymatic browning and co1or of foode (Swain, 1962). Different types o!

disc010ration bave been reported in canned banana products. They include

1) enzymatic browning caused by oxidative enzyraes, 2) tan...'"lir.-browningin

canned banana slices with brown 1ines concentrated mainly on the carpa1

walls of bananas, formed by interaction of carbonyl ccmpcunda in acidified

sugar syrup during heating with tannin in the muci1aginous celIs, and

3) oxidative browning resulting in grey to black disco1oration in the ex-

posed tissue due to o~gen present in the headspace (Agarwal ~tsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA&., 1963).

Pink disco1oration in canned pears as re1ated to action of flavonoid com-

pounds has been reported by Luh !!~.(1960).

Griffiths (1959) reported that the major browning substrate of the

edib1e banana is 3,4-dihydro~heny1ethy1amine. He confiroed the opinion

o! Simmonda that the 1eucoanthocyanins present are not acted upon by

banana po1ypheno1o~dase. Siegelman (1955) reported that the principal

browning substrate on the skin extract from app1e and pear was l-epicatechin.
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According to Simmonds '(1966) the most abundant phenolic amine in banana

is 3,4-dihydroxyphenylethylamine (dopamine) which ia abundant in the

skin of the fruit (reaching 700 pprn) but relatively sparse in the pulp.

Simmonds stated that though dopamine has some physiological activity,

as a vasoconstrictor, it is not so active as some other substances also

found in bananas. Griffiths (1961) studied a range or clonal varieties

to determine whether dopamine was responsible for blackening in other

clones or whether other phenolic compounds were implicated in the

blackening reaction. Results showed that in alI clones investigated

the major polyphenoloxidase substrate waa dopamine. According to Buckley

(1964) dopamine is related to peeI discoloration in banana; also peel

blackening in later stages of ripening and root discoloration.

Walkes ~~. (1958) reported the presence or serotonin (5-r~droxy-

tryptamine); it was also indicated that banana contains nor-epinephrine

and dopamine. The biological activity of these catecholamines was

investigated as further proo! of their identity. They also found

material with cr~omatographic properties similar to dopa (3,4-dihydroxy-

phenylalanine) and 5-hydroxyindoles substances. Udenfriend ~~. (1959)

reported the occurrence of these physiologically active aryla1kylamines

among edible plants. Due to rapidity of metabolism duri~g absorption,

when as much as 60 mg of serotonin was administered orally to humans did

not cause increase in bIood pressure. Block (1958) reported tr~t indoles

of biological importance are those which are excreted by animaIs, proba-

bly as a result of tryptophan metabolism. For example, the excretion of

serotonin by man may in some way be connected to ~ental processes.
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Enzymatic rormation or nor-adrenaline by the banana plant was inves-

tigated by Smith and Kirshner (1960). Phenolic compounds in bananas

have been investigated by Jones (1965). Swain (1962) reported the fo110w-

ing compounds in banana irui t : 1eucoan thocyanins , na vonoids , rerulic

acid, tyramine, dopamine and serotonin.

Robinson (1937) detected delphinidin in the hydrolysis products oí

the pu1p oí an edib1e banana. Simmonds (1954) reported that the bracts

or wi1d banana species are pigmented by glycosides (probab1y 3~dig1ucosides)

oi four combinations or anthocyanidin. He íound that leucoanthocyanins

are present in most parts or the banana p1ant; they yield de1phinidin and

cyanidin in proportions that vary approximately with overal1 intensity.

The 1eucoanthocyanidins were sought in various parts oi the plant and

!ound to be almost universally presente

Pheno1ic substances are a1so imp1icated in the. astringency oí the

unripe banana. The tannins are phenolic-s with mo1ecules large enough

to comp1ex with and precipitate proteins, hence both their tanning proper-

ties and astringency in the mouth; but if po1ymerized to very high mo1ecu-

lar weights, these properties decline. This is probably just what happens

1n various ripening íruits, particularly in bananas (Simmonds, 1966).

De Swardt ~~. (1967) reported that polymerization oí the pheno1ic

compounds in ripening banana írui t tissue ....asshovn by the decrease oi

extractab1e pheno1ic compounds in absolute methano1 and ~creasing amounts

oi these substances extractable in aqueous methanol. Low molecular weight

tannins may control the activity oi enzyme5 ~~ in preclimacteric

rruit and thereby influence ripeningtsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAL~ banana. A good raview about

!lavonoid tannins is given by Freudenberg (1962) •..
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3. Paper Chromntography.

Harborne (1960, 1961) revised the princip1es invo1ved in chromatog-

raphy of f1avonoid compounds. Seike1 (1964) described methods of iso1a-

tion and identification of pheno1ic compounds. Seshadri (1962) described

methods iso1ating f1avonoid compounds from natural products.

Paper chromatography was first used for the separation of pheno1s

by Bate-Smith (1948). The f1avonoid compounds are ideally suited to

this technique because of their right range of solubi1ity, characteristic

for easy separation, partly because many of them can be seen on chromato-

gramstsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA'td thout the use of chromogenic sprays and partJy because they are

c10sely re1ated chemica1ly (Rarborne, 1961). The re1ationship between

the structure of the flavonoid compounds and their Rf values has been

studied by Bate-Smith and Westa11 (1950). Seike1 (1962) described

several solvent systems used in chromatography of polypheno1s. A tab1e

ot Rt values of f1avonoid compounds was a1so compi1ed.

Extensive review6 on paper chromatography of flavonoid compounds

have been written by Geissman (1955), Rarborne (1960, 1961), Seike1

(1962, 1964), Block ~~. (1958), and Bate-Smith (1948, 1964).

A variety of deve10ping solvents have been reported by Seike1

(1962, 1964). The solvent sys~emt n-butano1-acetic acid-water introduced

b;r Partridge (1948) for the chromatography of sugars is sti11 the most

commonly used (Bate-Smith, 1943).

Rarborne (1960) stated that ultravio1et light revea1s most of the

flavonoid compounds except flavones, isof1avones, catechins and 1euco-

anthocyanins. Aurones, cha1cones, anthocyanins and flavono1s tlay be

diBtinguished under normal day1ight. Seike1 (1962, 1964) and Block
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(1958) presented tables with sprays for detection of flavonoid compounds.

After tbe compounds have been detected, they can be isolated by prepara tive

paper chromatography, according to Geissman !!~. (19.%). By evaluating

the Rf values in different solvents, absorption spectra, spectral shifts

and alkaline stability oí the phenol, color reactions, hydrolysis, it is

usually possible to identit,y with reasonable certainty the chemistr,y oí

the compound we have. Seikel (1962) stated that a ílavonoid compound

can be identified by their physical characteristics: absorption spectra

and mobility on paper (R
í

value). The spectral properties oí flavonoid

compounds have been reviewed by Jurd (1962).
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III. MATERIALS AND METHODS.

The bananas ~ (Cavendish sub-group)'Valery' cultivar (Simmonds,

1966) used in this investigation carne from Costa Rica. They were ripened

vith ethylene gas at 20°C for 6 days to stage 5 and 6 according to the

United Fruit Company's Guide to the stages of ripeness of bananas (Von

Loesecke, 1949). A 5-lb sample was taken for analysis of total acidity,

pU, Brix, moisture, firmness, and color. One hundred and twenty-i'our lbs

oi'bananas were peeled, cut into sliees of about 0.5 cm thickness with a

stainless steel knife, and then dipped into a 0.5% ascorbie acid aolution

for one minute (antioxidant). Tr~rty lba of the slieed bananas were

plaeed on a sheet of polyethylene in stainless steel trays (61 x 91 cm).

They were i'rozen in a -15°F room for 24 hours. &~other 30 lbs oi' sliced

bananas were quick frozen in 2-lb batches in a nylon basket (24 x 20 cm).

with Freon 12 for 60 seeonds (Fig. 1). The drum (60 x 80 em) was insulated

with polyethylene. A stainless steel chamber containing Freon 11 and dry

ice was used to eool the center chamber with Freon 12 (-22°F). The nylon

basket with banana s1ices was dipped into Freon 12 i'or 60 seconds. The

i'rozen product was sealed in polyethylene bags and kept at -15°F.

Fre eze-drying.

Both slow and quick frozen bananas were dehydrated in a Stokes Model

2004 L freeze-dryer. There were two ho11ow shelvea in the drying chamber,

each shelf measuring 24"lkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAX .36" (Syn and Luh, 1965). The two lower shelves

served'as condensers, with Freon 12 as the refrigerante v~inS the drying

operation, the pres6ure in the dryer was maintained at approx~tely 120~

Hg bya positive displacement vacuum pump. The pressure ~~8 measured
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b,ya McLeod gauge. When the gauge reached 18~Hg, water at 22°C was

circu1ated through the two upper she1ves to supp1y the heat oí sub1ima-

tion. The drying time was 60 hours. To break the vacuum in the chamber

at the end oí the process, nitrogen gas was used. After freeze-drying,

the bananas were equi1ibrated to sarne moisture 1evel in the chamber

under vacuum ,

The freeze-dried bananas were packed under 16" Hg vacuum L~a vacuum

c10sing machine (Continental Can Company, type 23-DS-4). Thc product was

stored at O, 20, and 30°C for storage stability studies. The conditions

for dehydration, packaging, and storage were exactly the same for both

the slow and quick frozen bananas.

Analytica1 methods.

1. Moisture.

Moisture determinations were carried out on the fresh and freeze-

dried material. For the freeze-dried material, the powdered sample

waa used. The fresh banana sample was macerated in a Waring b1ender.

All determinations were done in an oven at 70°C under vacuUQ (29 inchestsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

Rg) for 12 houra.

2. Rehydration.

Five g of freeze-dried banana slices were taken at randorn irom each

can. The samp1es were weighed with a Mett1er balance and soaked in 250

m1 oí disti11ed water at room temperature. At five-minute in~erva1s,

samp1es were r-emoved , draineà on an 8-mesh screen for one mí.nut e , and

then re-weighed. The weight of WQter absorbeà per g oí freeze-driedlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
d
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material \Ias calculated up to 40 minutes oí soaking.

3. Ascorbic acid.

The 2,6-dichlorophenol indopheno1 photometric method (Loeff1er and

Ponting, 1957; Townsend.!:!tsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA&., 19.56) 'WaS used for deterrnination of

ascorbic acid in freeze-dried bananas. Five g of the powdered samp1e

'WaS homogenized for 120 seconds with 250 ml of 1% HP0
3
• The resulting

mixture was centriiuged for 15 minutes in an Internatio~4l centrífuge.

The supernatant was filtered through a Whatman No. 1 filter paper. The

íi1trate was used for the determination oi ascorbic acid. The dye was

prepared by dissolving 13 mg of sodium 2,6-dich1oropheno1 indopheno1 in

950 ml oí warm, copper-free disti11ed 'Water, coo1ed, íiltered, and di1uted

to 1 1iter. A K1ett-Summerson photoe1ectric colorimeter with a No. 54

green filter was used. Nine ml of the dye was pipetted into 1 ml oí 1%

metaphosphoric acid. The absorbance of the well-mixed solution was read

(L 2). Nine rn1 oí dyelkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA'NaS then added to a IG.ett tube containing 1 m1 oí

ti1tered sample. The absorbance oí the mixture was recorded (L 1). A

b1ank was prepared by mixing 9 ml oí b1ue dye with 1 ml of the samp1e

and a few crysta1s of 1-ascorbic ac í.d , In this way a blank 'NaS obtained

which compensates for the turbidity oí the sample.

4. Folin-Denis teste

Tannin-1ike substances containing aromatic hydroxyl groups were

measured by the method described by Luh .!:!~. (1958) with soce modifi-

cations.

Ten g of sample was blended with 50 ml af 6% HP0
3

and 50 ml 95%

ethano1. The total volume was made to 200 m1 with 7~ ethanal. The
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macerat~d product was centrifuged in an International centrifuge for 10

A Gardner color-difference meter was used to evaluate the color of

minutes. The supernatant was filtered through Vnatman No. 1 filter paper.

To one ml of the filtrate was added 50 ml of distilled water, 5 ml of

Folin-Denis reagent and 20 ml of 1lkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAl:!. Na
2
C0
3

and then diluted to 100 ml with

distilled water. The mixture was allowed to stand for 90 minutes and then

filtered through Whatman No. 1 paper. The absorbance of the blue colored

solution was measured in a KIett-Summerson photoelectric colorimeter with

a No. 66 blue filter. The results were expressed as mg of tannic acid

per 100 g of freeze-dried bananas.

5. Color.

the freeze-dried banana powder. Used as reference was a white porcelain

plate (Rd=82.7, a=-2.l, b=+2.8). For 9 and 12 months a Gardner automatic

difference meter, Model AC-3, was used.

6. Water-soluble pigpents.

Water-soluble pigments in freeze-dried bananas were determined by

the colorimetric method described by Luh~~. (1958). Five g of

powdered sample was soaked for 30 minutes in 95 ml of 1% HP0
3
, blenàed

for 3 minutes in a Waring blender and then centrifuged at 1,400 rpn for

20 minutes. The supernatant was filtered through Whatman No. 1 filter

paper. Twenty ml of the filtrate vas mixed with an equal volume of 95%

ethanol and filtered through Whatman No. 1 filter paper. The absorbance

ot the filtrate waa measured in a KIett-Summerson photoelectric colori-

meter with a No. 42 blue !ilter.
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Extraction of nolvphenoloxinase from freeze-dried bananas.lkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA* te •

The extraction was done at 32°F. All equipment and reagents were

cooled to 32°F before use. Ten g of powdered sample ~s blended for 5

minutes in a Waring blender with 100 ml of 0.01 M acetate buffer, pH 5.65.

The slurry was centrifuged at 3,500 rpm. The supernatant 'WaS decanted.

Two volumes of acetone -15cF was slowly added to the supernatant. The

mixture was allowed to stand for five minutes and centrifuged at 3,500

rpm for 10 minutes. The supernatant ~as discarded. The precipitated enzyme

was disso1ved in 50 cl of 0.01 ~ acetate buífer, pH 5.65. The enzyme was

precipitated again with two volumes oí cold acetone (-15°F) and al10wed to

stand for 5 minutes. The mixture was again centrifuged for 10 minutes at

3,500 rpm. The supernatant was decanted. The enzyme (precipitate) was

disso1ved in 30 ml of 0.01 ~ acetate buffer, pH 5.65. The yel10wish prepa-

ration was then centrifuged at 4,000 rpm for 20 minutes in order to remove

any ce11 debris. The enzyme preparation 'WaSkept in rubber-stoppered test

tubes at 32°F with a few drops oí to1uene. This partia1ly purified prepa-

ration oí polyphenoloxidase was stable for at 1east seven weeks.

8. Polyphenoloxidnse activity.

The activity oí the enzyme preparation was measured by the method

described by Ponting and Joslyn (1948). A co1orimeter (Bausch and 10mb,
I

Spectronic 20) was used to measure the optica1 density oí the ye110wish

preparation at a wave1ength of 420~. A 0.075 II pyrocatecho1 solution

was used as substrate. The reaction mixture was made in a 125-01

Er1enmeyer f1ask in the fol1owing way:

2 ml enzyme (1 volume di.uted with 4 volumes oí 0.01 ~ acetate,

II
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p

5 m1 0.075 ~ pyrocatechol

43 ml 0.1 ~ citrate-0.2 ~ phosphate buffer, pH 6.20

+The reaction was done at 30 - O.lOC. Tha buffer and substrate were

mixed and incubated at 30°C for 10 minutes. The enzyme at 30°C was then

added with a rapid delivery pipette. The blank was the reaction mixture

containing the enzyme which was boiled for 10 minutes and reconstituted

to its original volume with distilled water. After the addition of the

enzyme, the material was shaken for 2 seconds and the absorbance was

measured in a Spectronic 20 at 420 mp at 60-second intervals. The

results are expressed as increase in optical density per minute per ml

enzyme.

9. Effect of pH on polynhenoloxidase activity.

The rate of catechol oxidation by banana polyphenoloxidase was studied

in the pH range 4.0-7.0.. Two ml of diluted enzyme u volume enzyme prepa-

ration + 4 volumes of 0.01 ~ acetate buffer, pH 5.65), 5 m1 of 0.075 ~

pyrocatechol and 43 m1 of 0.1 ~ citrate-O.2 ~ phosphate buffer of desired

pH values were used. This was equivalent to 0.125 g freeze-dried ba~ana

in 50 ml reacting mixture. To compare slow and quick-freezing processes,

enzyme extracts of the samples right after freeze-drying were compared

for polyphenoloxidase activity at various pH values.

10. Total aciditv.

Five g of freeze-dried banana powder was mixedtsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAwi th 250 m1 of dis-

tilled water. The mixture vas titrated to pH 8.0 '.:ith0.1 .2 i';,::.oa Ln a

Beckman Y.odel ~ ~utOm3tic titr~tor. ~e results are rcportcd as pcrcent

malic acid. For fresh bananas, 20 g of representativa snmple wàS blended
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with 1.50ml oí distilled ",ater. The resulting mixture ",as titrated with

0.1tsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA! NaOH to pH 8.0.

li. pH value.

Ten g oí íreeze-dried banana povdez- vas diluted wi th 30 ml oí dis-

tilled water. ThelkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBApH oí the mixture was measured with a Corning Model l2

Research pH meter.

l2. Organoleptic evaluation.

One part oí íreeze-dried banana po",der was rehydrated with 3 parts

oí distilled water containing 0.5% ascorbic acid to inhibit browning. A

panel oí 12 members scored the color, aroma, and ílavor oí 4 sacples on

a 1-10 hedonic seale as íollows: exeel1ent, 9-10; good, 7-8; fair, 5-6;

poor, 3-4; and very poor, 1-2. The average co1or, aroma, and flavor

scores ",ere evaluated for statistical significance.by analysis oí variance

and least significant differences.

13. Total carotenoids.

Thirty g of íreeze-dried banana po",der "'as blended with 100 ml oí

petroleum ether in a Waring blender for 2 minutes. The macerate was

centriíuged at 2,000 rpm for 10 minutes. The extraction process was

repeated twice. The combined supernatants ",ere filtered and then

washed several times with distilled water. The petroleuc ether extract

was treated with anhydrous sodium sulphate to remove wa~er and concen-

trated to 50 mI. The absorbance oí the extraet was measured in a Beckcan

DB recording spoetrophotometer using 1 em euvettes. The results ",ere

expressed by increaso in optieal density.

14. Pressure teste

A ~.gne5s-Taylor presaure tester e~uipped with a 5/16" plunger and
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pressure range oí O to 10 lbs was used to determine the firmness oí the

!resh fruit. Pressure readings were taken on the ends and center oí the

!resh fruit, both with and without peel. The average of 10 determinations

'Was reported.

15. Soluble solids.

The soluble solid content oí the macerated fresh fru1t was determined

at 20°C with a Zeiss-opton Refractometer.

16. Polyphenolic compounds in freeze-dried bananas.

The material used for the present study consisted oí freeze-dried

bananas made by the slow and quick írozen processes. The products were

kept at OOC in No. 2'h cans unãer a vacuum oí 16 in Hg.

Reagents

a) FeC1tsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
3
-K

3
Fe (CN)6 reagent. The reagent was prepared just befere

use by mixing equal volumes oi aqueous 0.5% FeC1
3

and 0.5% KJFe (CN)6

(W/V). It gives blue color with catechol and pyrogallo1 types of

polyphenols (Keppler, 1957).

b) Diazotized p-nitroani1ine (DP.NA) reagent. It was prepared by

mixing in an ice bath 0.5% p-nitroani1ine in 2lkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAli HC1, 5% scdãuza

nitrite, and 20% sodium acetate (w/V) in a ratio of 10:1:30. The

reagent gives characteristic co1ors with phenolic acids (Swain, 1953).

c) Hoepfner reagent. This was prepared by mixing equal volumes oi

5% (v/V) acetic acid and 5% (w/v) sodium nitrite just beiere use.

This gives characteristic colors with phenolic acids (~a1ker, 1962).

d) Vanillin reagent. A 1% et~olic solutio~ oi vanillin was mixed

with an equal volume oí concentrated hyàrochloric acid ~ediately



before use. It gives a pink to orange-red color with flavonoid eom-

pounds eontaining phloroglucino1 nuclei (Swain and Hi11is, 1959).

3) Ethano1ie aluminum ehloride. A 5% et~olie a1uminum chloride

solution was used for spectra1 studies.

i) Leucoanthocyanin reagent. The reagent was made irom cone. HCl

and n-butanol in a ratio of 5:95 (v/V). It was used to eonvert

leueoanthocyanidins to anthocyanidin (Swain and Hil1is, 1959).

g) Folin-Denis solution. The proeedure deseribed in the Official

Methods of Analysis (A.O.A.C., 1960) was used for quantitative

determination of polypheno1ie compounds.

h) Serotonin reagent. 5-hydroxytryptamine (serotonin) was deve10ped

with a reagent composed of 9 volumes of 0.1% potassi~~ dicromate

and 1 volume of 40% formaldehyde. The sprayed chromatogram is heated

tor 5 minutes at 100-110lkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA0C and is viewed under an ultravio1et light

source, where the compound produces a golden ye1low fluorescent spot

(Block, 1958).

i) Ehr1ich reagent. Two g of p-dimethy1aminobenzaldehyde is disso1ved

in 100 ml oi concentrated HC1. One volume of the solution was mixed

witb 9 volumes of acetone. The reagent was ~ade up just before use.

The chroffiatogramsare dipped into this reagent and then dried at 40°c.

The sensitivity of this reagent is 0.05)Ug for serotonin ~~d other

indo1es (Block, 1958).tsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

j) Ninhydrin reagent. A 0.3% ninbydrin solution in 95% ethanol was

used. The co1or was developed at room temperature in the dark for

18 hou~s (B1ock, 1958).

31
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k) Detection of ch1orogenic acid. ~ne chromatogram was sprayed

with a saturated solution of 3,5-dinitrosa1icy1ic acid in 50% ethano1

containing 2% NaOH. A bright ye110w spot was produced (Block, 1958).

17. Extraction of polyphenols with et~yl acetate.

Sixty g of freeze-dried bananas was b1ended for 5 minutes with 300

ml of 70% methano1 containing 0.2% HC1 under a nitrogen atmosphere. The

macerate was centrifuged and the supernatant was fi1tered in a Buchner

funne1 through a Whatman No. 1 fi1ter paper. The residue was extractedtsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

3 times more with the same amount oí solvent. The combined supernatants

were stored overnight at O°C under a nitrogen atmosphere, fi1tered

through Whntman No. 1 fi1ter paper, and concentrated in a flash evaporator

under vacuum to remove the methano1. The residue was suspendeà in a suf-

ficient quantity of disti11ed water and extracted t~ce with petroleum

ether to remove carotenoids. The aqueous solution was saturated with

sodium ch10ride and extracted 4 times with 250-m1 portions of ethy1 &cetate.

The ethy1 acetate extracts were combined, dried with ar~drous soàiurn su1-

phate, filtereà, anà evaporated to a dryness in a flash evaporator under

vacuum. The residue was disso1ved in methy1 alcoho1.

18. Two-dirnensional paper cp~o~ato~raphy.

Two-dimensiona1lkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAl descending paper chromatography was done to determine

the number of polyphenolic compounds in the extracts and for ~easuring the

re1ative quantity of the polyphenolic compounds. Fifty micro1iters oí the

extract was spotted on the upper left comer of a \1hatman No. 1 paper

(46 x 57 cc). The chromatograms were àcveloped in two di~ensions ~t 20°C,

with BAW (4:1:5) as the first solvent for 18 hour3 and 2% acetic acid as
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to dryness in a flash evaporator under vacuum.tsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA__-o
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thc second solvent for 3.5 hours.

Harborne (1960) reported that the upper phase oi the mixture of

n-butanol-acetic acid-water (4:1:5, by volume) is most valuable for sepa-

rating all types of flavonoids, both glycosides and aglycones. R~ values...

determined in BAW often vary more than those measured in other kinds oi

solvent. Equally good separation oi phenols are obtained with the

n-butanol-acetic acid-water mixture, if used iresh, or after it has been

kept for several days; Ri values, however, vary with the time oi equili-

bration (Harborne, 1961).

The air-dried chromatograms were first examincd under ultraviolet

1ight and examined again on exposure to ammonia vapor (Swain, 1953).

One chromatogram 'NaS sprayed with freshly prepared FeC1
3
-K

3
Fe(CN)6 reagent.

The chromatogram was rinsed with 2% HCl and then with distilled water.

The blue spots represent the location oi polyphenolic co~pounds. A

second chromatogram was sprayed with diazotized p-nitroaniline (Swain,

1953), and the color characteristic of the spots were noted. A third

chromatogram was sprayed with the vanillin reagent. The Rf values oi the

spots were measured.

19. Identific~tion of nolv hcnols.

The methyl alcohol extract was applied on Whatman No. 3 HX paper.

The papera were chrooatographed in a descending direction in two dimen-

siona in the same manner as described above. The spots showing identical

Rf values and color reaction were cut, combined, and extracted with 95%

ethanol overni ht on a mechunical shaker. The eluates were ccncen~rated

t;tA
O,"Q ~ w ))) o ç. S" '8



The eompounds were spotted on wr~tman No. 1 papers. The papers were

ehromatographed at 20°C with BAW (4:1:5) in a deseending direction the

sarne way as described before. The color reactions of each spot with

various reagents were observed ~.d the Rf values were measured. Spectral

measurements were made with a Beckman DB recording spectrophotometer,

using 1 em silica cuvettes. For the purpose of measuring a bathochromie

shift, three drops of 5% aluminum chloride in 95% ethanol was added to

the cuvettes. Measurements of the shifts in absorption spectrum were made

after standing for one minute.

20. Relative amount or nolynhenols.

Ten Whatman No.tsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA3 papers were spotted each with 50 microliters of

the methyl alcohol extract. Tne papers were cr~ornatographed in a descenà-

ing direction in two dimensions as described previously. The spota shown

under ultraviolet light or by spraying with FeC1
3
-K

3
Fe(CN)6 reagent on a

separate two-dimensional chromatogram were cut, combined, and eluted with

95% ethanol. The eluates were concentrated in a flash evaporator. Seven

ml of distilled water and 0.5 ml of Folin-Denis reagent were added. After

standing for 3 minutes, 1.0 ml of 20% (W/V) Na
2
C0

3
solution was added. The

mixture was àiluted with distilled vmter to make 10 01, kept in the dark

for 1 hour, and then centrifuged. The absorba~ce of the blue solution was

measured in a Klett-Summersan photoelectric colorimeter, using a No. 66

red filter (Swain and Rillis, 1559).

21. Indoles in freeze-dried bananas.

A portion af the methanolic extract wa~ applied to papers and

developcd in a descending directian using the following solvents:
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iso-propanol: NH40H: H
2
0 8:1:1 (V/V)

iso-propanol: NH40H: H
2
0 10:1:1 (V/V)

n-propanol: NH40H: H
2
0 6:3:1 (V!V)

iso-propanol:lkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA}''H40H: H,20 20:1:1 (V/V)

Occasionally ascending chromatography was done. The time for develop-

ment was 13 hours. The air-dried chromatograms were first examined under

ultraviolet light. One chromatogram was sprayed with the serotonin reagent,

another with the Ehrlich's reagent. The Rf values and color reactions were

recorded (Block, 1958).

22. Leucoanthocyanidin.

To investigate the presence of such compounàs, banana powder was

bomogenized in 5 volumes of acetone-2 ~ Hel (12:1) and centrifuged.

The supernatant was concentrated to a smal1 volume in a flash evapo-

rator. A portion of the extract was app~ied to ~~~tman No. 1 paper and

the chromatograms developed in two dimensions with BAW (4:1:5 V~J) and 2%

acetic acid in the same way as described above. A part of the acetone

extract was refluxed with the 1eucoanthocyanidin reagent which caused the

deve10poent of a pink to brownish-red color.

The hydrolysate was chromatographed on Whatman No. 1 and 3 MM fi1ter

papers in BAW (4:1:5 V/V) in a descending direction for 18 hours. The

Forestal solvent (acetic acid-_ater-conc HCl, 30:10:3 V/V) was used to

irrigate the paper for 16 hours 10 a descending direction.



IV. RESULTS AND DISCUSSION.

The chemica1 changes in freeze-dried bananas made by thc slow and

quick-freezing processes when stored at 20 anà 30°C were studied. Sam-

p1es obtained just after the freeze-dr,ying process were used as references.

1. Evaporation ratio.

The fresh Va1ery bananas contained 71.74% moisture and the freeze-

dried product 2%. The re1ation between the moisture content, M (percentage

on the wet basis), and the moisture ratio, T (~eight of water in grams per

gram of dry matter), is as follows:lkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

T M
= (lOO-H) •

The initial moisture ratio (To) was 2.53 anà the final coisture ratio (Tf)

0.020. The evaporation ratio (grams of fresh bananas required to yie1d

one gram of dried product) was ca1cu1ated as fo11ows:

Evaporation ratio To+1 2.53+1 =
= Tf+1 = 0.020+1

3.46 g

The re1ative1y 10w evaporation ratio cou1d be exp1ained by the high

solid content in the fresh bananas. These va1ues are presented in Tab1e 1.

2. Moisture contente

Freeze-dried banana i6 hygroscopic. It wi11 absorb xoisture ra~idly

from the air. Thus the permeability of the packaging ~ateria1 to rnoisture

is an important factor to be considered. Sea1ed tin can is an exce11ent

barrier acainst moisture penetration. ~he moisture content before and

after frceze-drJine are shown in T~b1e 1. T~ere ~s no uptnke of moisture

duri.?J.gstorage. I.tsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAd



37

Tab1e 1. Hoisture content of fresh and freeze-dried
VaJ..erybananas.

Property measured Va1ues

Moisture content ... fresh (%)

Hoisture content .••• freeze-dried (96) ave.

Evaporation ratio

Moisture ratio (To)tsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAti \4ater/g dry substance

Moisture ratio (Tf) """,ater/O"dry substancelkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA<:> u

71-74

2.00

3.46

2.53

0.02

One oí the desirab1e qualities oí freeze-dried foods is a rapid rate

or rehydration. It was found that moisture uptake in freeze-dried banana

slices was more rapid during the first few minutes of rehydration. Figure

2 illustrates that, right after freeze-drying, the sample made by the 610w-

freezing process rehydrated more readily than that made by the Freon-

immersion (quick-freezing) processe

Figure 3 shows a decrease in rehydration capacity oí the product

(slow-freezine) during storaee. The samp1es stored at 20°C ",ere better

in rehydration capacity than those at 30°C. Fieure 4 shows the effect of

storage and temperature on rehydration of freeze-dried product (quick-

freezing). Storage at 30°C caused 106s in rehydration capacity. The slow-

freezing product showed a better rehydration capacity than the quick-

freezing product. The percentage of rchydration was 62% for t~Q quick-

freezing and 68~6for slow-freczing product. That lOO-~ rehydration vas
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Figure 3. Reh.ydration of i'reeze-dried bananae madc by t!:_ slow-freezing
processe Effect of te~p~rature and storage ~ioe.
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processe Effect of teoperature and storage tice.
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never achieved may be explained by the changes in structural characteristics

of the banana tissue, loss oí hydrophilic properties, and diffusion oílkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

I

water-solub1e constituents to the surrounding ~~ter. That the samples

stored at 10wer temperatures showed a better rehydration capacity may be

exp1ained by the temperature-dependent. chemical or biochemical changes in

the banana tissue which influenced the water-ho1ding capacity oí the íreeze-

dried product (Daoud and Luh, 1967).

That the slow-íreezL~g product showed a better rehydration than the

quick-freezing product may also be exp1ained by the rupture oí cell cem-

brane, causing formation oí large ice crysta1s. According to Kuprianofí

(1962) slow freezing causes formation of larger holes which permits better

penetration oí water and faster escape oí air, th~s íaci1itating the

rehydration. It is important to note that the bar~ slices tended to

show a ragged and breaking-down appearance ir they were rehydrated at room

temperature over 40 minutes.

4. Water-50luble pi~ents.

A good indicator oí storage changes i5 the formation oí water-solub1e

brown pi~ents in íreeze-dried íoods. It measures both enzyoic and non-

enzymic browning reaction which occur frequently in íoodstuffs during

storage. The browning may be caused by enzymic oxidation of natural poly-

phenols or by chemical reactions between reducL~g sugars and amino acids.

Figure 5 snows the eííect oí storage temperature on the water-soluble

pigments 10 freeze-dried bananas. &amples stored at 30°C showcd a oore

rapid fo~~tion of w-ter-soluble pigcents thanthose stored ~~ 20°C.

TOus stora~e temperature is an important íactor influencing the rate oí
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Figure 5. Effect of storage teoperature on foroation of ~~ter-so1ub1e
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íormation oí \oJater-soluble pigments. \ve can see that the slow-freezing

process causes more darkening in the product than the quick-freezing

processe This phcnomenon may be cxplained by more tissue-ccll disruption

in the slow-frcezing process, causÍDg more contact between the enzyoe

and the substrate. This may also be cxplained by the greater retention

oí ascorbic acid in the quick-frozen bananas. ~fuen thc ascorbic acid was

destroyed, the rate of darkening increased. However, thc rate of darkening

was comparatively alow, largely because of the 10w moisture leveI in the

product,which limita the rate oí browning. Host likely, the íort:".ationoí

water-soluble pigments was caused by the ~.aillard type browning reaction,

although the occurrence of enzymic browning is not completely excluded under

the conditions of this experimente

It ia interesting to note that the slow-freezing product ~s higher

in polyphenoloxidase activity which correlates well with a darker color

10 the frecze-dried product.

The low moisture in the product and reduccd oxYgen leveI in the can

would delay deteriorative reactions. Oxidative deco~position oí ascorbic

acid may nL~concurrently with the browning reaction. BrownL~ in freeze-

dried bananas could be caused by different types oí cheoical reactionslkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

(Draudt , 1966). Rass and Stadman (1949) have shovn ti'.3.tin dried i'ruits,

organic acids as well as amino acids react chemically with reducL~ sugars

to form crown-colored producta. The browning reactions cause rnany dele-

terious effects in foods. Deterioration in texture and failure to recon-

stitute properly mny occur simultaneously with the browning reaction. In

addition to these undesirable cffccts, the loss in nutritive va1ue could

accompany the browning reac~ion.
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5.zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAPolyxhenoloxidase activity.

Figure 6 shows tho activity oí banana polypheno1oxidase (ppo) on

catecho1 at 30°C and pH 6.2. The slow-freezing process seeos to causo a

higher PPO activity 10 the product than the quick-freezing processe The

freeze-drying process did not inactivate the PPO enzyme which showed a

high activity in the extract. Di1utions with buffer were maàe to obtain

a proper concentration of the enzyme for the investigation. The fact

tbat tho slow-freezing process caused more PPO activity in the bananas may

be explained by the formation of more P?O by the ce11s during the freezing

procedure or by 1iberation of the enzyme through ce11 disruption. In the

F.reon-immersion process (quick-freezing), the time for freezing was only

60 seconds, which al10ws practical1y no time for the cells to form PPO

enzyme.

6. Effect of nH on nolyphenoloxidase activitv.

The effect oí pH on the banana polypheno1oxidase activity in 0.1 ~

citrate-o.2 li phosphate buffer is ehovn in Figure 7. The enzyme was

most active in the pH range of 5.7 to 6.3.

Reyes and Luh (1960) reported that the type oí buffer afiects the

pH optimum af peach polypheno1oxidase. In the present investigation,

citrate-phosphate buffer was used to avoid differences 10 PPO activity

due to different typcs of buffer. The optimum pH for the parti~1ly puri-

fied po1ypheno1oxidase was 6.1.

Griffiths (1959) stated t~~t the browning reactions of b~~ana íruit

resu1t from enzymic oxidation oí dop~ine (3,4-dir~droxyphenylethy1cnine).

Palmer (1961) found more ~~ana PPO activity on dop~ine in the pR r~;e

6.0 to 7.0. Tne optimum pH was at 7.0. He showed that enzyoe :)~epara-

tiona from bananas could also oxidizo other ortho-diphenols ~~ch as



Figure 6. Polyphe~oloxidase activity in freeze-dried ~~ar~as attsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBApli 6.2
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cateehol, ehlorogenie aeid and 3,4-dihydroxyphenyla1anine (dopa).

Phenoloxidases are eopper proteins of wide oecurrence in nat~re

which cata1yzes the oxidation of certain phenolic substrates to quinones

which polymerize to dark brown pigments general1y known as melanins

(Palmer, 1966).

7. Aseorbic acid.

Ascorbie aeid in processed foods eenerally deereases during storage,

the rate of decrease being higher at higher storage temperatures (Wag-

nertsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA!i~., 1947; Von Loeseeke, 1949). Harris and Polland (1939) found a

decrease in ascorbie acid content in foods when dehydrated by diiferent

methods. The aseorbie aeid eontent in fresh bananas ranges irom 10-12

mg/loo g (Von Loesecke, 1949).

The freeze-dried bananas had an initial aseorb~e aeid content of

35 mg/loo g for the quiek-freezing and 21.5 mg/l00 g for the slow-freezing

product. (The bananas were dipped in ascorbic acid solution before freeze-

drying.) The difference in aseorbie aeid may be explained by the fact

that on quiek-freezing the aseorbie aeid was better proteeted irom oxida-

tion because the proeess was faster. Tne degradation oi ascorbic aeid

may be eonsidered as a first order reaetion, and a plot of aseorbie aeid

retention versus tio e on a semi-log scale gives straight line graphs.

Aseorbie acid retenticn in freeze-drieà bananas are presented in

Figures 8 ~d 9 and Table 2. The aseorbie aeià eonte~t ecreased àuring

storage. The quiek-freezing product showed a better aseorbie aeid reten-

tion during storage. After 12 months at 20°C, a retention oi 31.7% was

observed in thc quiek-froezing sample. High retention of ascorbie aeidlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

l~
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olkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

20~ -L ~ ~ ~

otsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA3 6 9

Storage tice in conths

Figure 8. Effect of atorncc nt 20 Qll~ 30~C on nscorbic acid retcntion in
frcoze-dricd bananas ~de ty the quick-frcezins p~oc~~s.
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Table 2. Effect of stornge nt 20 and 30°C on ascorbic acid retention in freeze-
dried bananas of 2% moisturc.

- .' ....... .,

Storage Slovr-freezingproccuu Quick-frcczing process
timc,

months ascorbic acid ascorbic acid
me/IOO g % rctcntion me/l00 g % retention

_.;16. •..• __ -
20°C 30°C 20°C 30°C 20°C 30°C 20°C 30ClC,- tsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

O 21.5 21.5 100 100 35.0 35.0 100 100

3 15.8 13.4 73.5 62.3 28.3 25.0 80.9 71.4

6 13.4 11.7 62.3 54.4 20.3 18.4 58.0 52.6

9 10.9 7.6 50.7 35.4 18.4 15.0 52.6 42.9

12 6.75 5.06 31.4 23.5 11.1 8.5 31.7 24.3

.•._''"- _.__ .. -
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in the product may be explained by the low moisture in the eamples, and

the protection provided by the vacuum packed cans. Draudt ~~. (1966)

reported that the 10ss of ascorbic acid in freeze-dried bananas during

storage is moisture dependente They reported 57.1% retention of ascorbic

acid in freeze-dried bananas of 3.43% moisture after storage at 28°c for 178

days.

The half life of ascorbic acid in the freeze-dried banana was calcu-

lated as follows:

0.693srqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

K

where K = specific reaction velocity in reciprocal days; K ~as calculated

by using the following equation:nmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

C
log~

2

where t = time in dD.:yst

C
1

= ascorbic acid retention at time tI

C
2

= ascorbic acid retention at time t
2
•

The half-life and veIocity constant for the sampIes are presented

in TabIe 3.

At 20°C, ascorbic acid retention was higher than at 30°C. A r~bher

half-life was observed in the quick-freezing s~ple stored at 20°C, !ollowed

by the slow-freezing product stored at 20°C. In both treatme~tst high stor-

storage te~perature and the frcezing rnte on ascorbic ~cid rctention are

age temperatura caused a more rapid 1055 of ~scorbic acid. Tr.e effect of

:nanifested in the present Lnve sc í.gzrt í.on , The test is useiul for trnci::õ

the deteriorative changes in the product during storase.



Tab10 3. Ve10city constants nnd ha1f-1ife of ascorbic acid in freeze-dried
bananas made by the slow and quick-frcezing processes.nmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

"srqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA-----_._-_._----------------------------
Procccs Storage tempcl~ture

°e
Ve10city constant
reciproca1 days

Ha1f-1ife,
days

SloH-frec;-.ing 20

Slo\-!-froezing 30

Quick-freezing 20

QuLck.-f'r-eez i rig 30

2.94 x 10-3

3.92 x 10-3

2.81 x 10-3

3.63 x 10-3

235.70

176.00

246.61

190.90

I
Q..

\J1
ro



incrcase in tannin-like substar.ces in to~to paste duri~v ztora3c. T •nmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
Lun
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8. ?olin-D~~~G tcct.

this tcst is tte for-~tion of a bl~c color by the aD{alir.e tunsstate-

phospho~olybdate rC3scnt ~~th tcc ~el~~oidin-rcductones fo~c~ durinSsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

et or'age, T'nc il'1tcnDityof t he blue color VJo.D meaeuz-cd \dth a Klett-

Sur~crson phtocolorimeter. The cffect or storage temper~turc on reductone

forr..ation i... frecze-dried bananas is ehown in Fieure 9a. A raoz-e rapid in-

crease in Folin-Denis value of tte slow-freczL~g sa~ple stored at 30°C

was observed. D:-o.ut (1966) fo~d little CP4ngc in tar~~ic acid in freeze-

dried ~.anas after 183 d~ys' storo.~~, and a relatively low ~cre~se in

tannic acid also in :~eeze-d:~ied peacces. Lun ~21. (1953) found a~

and Tzianz (1965) alGo reported a rapid incrc~ce ~. Folir.-Denis value in

tO~3to ketchup stored ut hiCh te~pcraturcs. T'nus thc celetericus eff~ct

of hi3h 5torage texpern.ture a~?e~=c o be reflected by an increase 1...'"1

Folir..-DenisvaLue s, Hicher rcac.in,sswer-c obt.aáried in 52_:::.:.:>1esstored for

a lo~se:- period. The Fol~-Der.is test prcves to be a cood i..'"1cic~torfor

;uality ev~uation of freczc-dricâ b~~.as.

'.:.'ab1c4 DtO\:S the effcct o: sto=~se on Ga:-dner color c.:.:::e:-c::ce

Garer.cr colo_ valucG ~c
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Tab1e 4. Co1or of frcozc-dried bananas stored at different temperatures and measured with the Gardner co1or dif-
ferenc~ metor.

Stor- SlOvlnmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAf'r-r-, : ,'i nr: .•.._~~ck frcezin~srqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA_-.-~--~ o· ~ ._. •••.•• _ •••••!L_-,._ .,
.- .

ase O°C 2()OC 30°C O°C 20°C 3Q°CtiClO, -_ .•.. -- ..._ .. .. . --- -
(mo s , ) r:1 a b Rd a b Rd a. b Rd a b Rd a b Rd a b

- .._-

O +69.7 -0.6 +1'••5 +70.0 -0.9 +12.3

3 66.9 -0.9 14.1 66.3 -1.0 +1
'
+.1 67.0 -0.9 +12.1 66.9 -1.1 +13.00

6 68.1 -2.0 +11.2 67.2 -1.7 12.1 68.2 -2.0 10.2 67.9 -2.1 11.7

9 71.1+ -2.2 14.9 68.0 -1.4 14.7 68.3 -2.3 13.9 69.7 -2.1 14.1

-73.6 -0.6 13.1 72.6 -0.1 13.1 72.7 -0.60 12.2 73.6 -0.75 11.83

12 -72.3 -0.32 13.6 70.2 +0.22 13.7 71.6 -0.28 11.8 71.63 '-0.31 12.86

------.__ ...._--- ----,--,. ._------------
-anothcl' app r-at uo , Cor-dr.cr- aut.omatd c differcuce motel'Hode1 AC-3.

~



Rd is defined as 100 times the amount of lieht reflected by a sample

divided by that reflcctcd by a perfectly diffusing sample. A completely

absorbing specimen ~ould have a Rd value of zero, and a perfect dif!using

white one would have an Rd value of 100. The a and b values are defined

in terms of tristirnulus values x, y, and z as follows:

a :::srqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA175 fy (1.02x-y) and

b = 70 fy (y-0.847z)

A plus value of "a" indicates redness, and a minus value, greenness. A

plus value onmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAf "b" indicates yellowness, and a minus value, blueness.

FrO!llTable 4 we can see that the Rd value oí all samples Lnc r-eaaed

slightly dur-Lng storage. The "a" value changed very slightly. The "b"

value showed sone fluctuations during storage. ~ne sa~ple made by the

slow-freezing process was darker in color than that made by thc ~aick-

freezing procesSe However, there was only a small difference in color

after the 12-oonth storage period.

The freeze-dried banana slices were nearly white in color, much

lighter than the fresh banana slices. Color evaluation of the samples

after 9 and 12 months' storage was made with another Gardner color

difference ceter in the Department oí Pomology because tue apparatus

used origi.l'1allywas out of order at that tioe.

10. Orr.~nolentic evalu~tion.

The color, aroma and flavor scores of freeze-dried ban~s as

judged by a p~el of 11 persons are ShO\fflin Table 5. Just after dehy-

dration the slow- reezing pro uct w~s sco~ed r~8her Ll'1 cole~ ar-d ~_avor.

After storage fer 9 months the quí.c.o-rz-oz.enproduct was scoz-e hicr.er

------



Tablc 5. Effect of storage temperature on organoleptic qua1ity of freezc-dried bananas. The samp1ea were
rcl~-drated prior to cva1uation.

------------.------.----- .-----.----------------------------------------------------------------------------~--------
Freezing rate

StorugenmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
t emp , - . ~- •• ~srqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

ooe O ' mt11

Averace organoleptie seores

3 months 6 mont.hn-,,- . __ ~9 ~~tlS 12 month;.;;G__
.------------------------~ .....-----------------------------~----------------------------~-----------

coLor- aroma f.lavorcolor aroma fla.vorcolor ar-orna flavor color az-oma Tl.avor- color aroma navqr
..~-.. -

S) o\.'-freczilJg 7.6 6.7 7.3

Quick-fl'cc.zj I; ....• 6.0 6.7 6.8

Slow-fr(.;c;i'.G 20 7.8 6.8 7.5 7.2 7.0 7.5 7.1 6.5 6.3 7.4 7.4 6.9

Slow-frcezing 30 6.7 5.~ 6.0 6.4 6.0 6.5 5.4 5.3 5.3 5.4 6.3 6.2

Quiek-frccziLs 20 7.0 6.2 6.8 7 r- 7.3 7.3 7.9 7.0 7.4 7.7 7.8 7.4. "

Quick-frcczing 30 6.0 5.6 6.4 6.8 6.6 6.9 6.9 5.4 6.4 5.8 6.7 6.1

~

LSD at 2.60 NS NS 1.07 NS NS NS NS NS 0.94 0.99 0.92 1.07 1.03 0.99

P = .05
-~----~. _._-

'. --- ..•. -. ----- ...... -._ ...

EvaluD.tioJil.iver-e bancd on a hedond,c scule of 1-10; excellent, 9-10; good, 7-8; fair, 5-6; poor , 3-4; very
pOOl', 1-2.



than the slow-freezing product stored at 20°C and 30°C. The preference

for the slow-free=ing produc~ at the bcginning oay be explained by the

influence of Freon on tho quick-freezing proceSSe

Even after storage for 12 months the samples were acceptable to thc

judges. Some difficulty was confronted due to the darkening of the sam-

pIes after rehydration, even though ascorbic acid ~~s used as an anti-

oxidant.

11.srqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA1'11 and total aciditv.

The pR and titratable acidity of freeze-dried bananas as iníluenced

by storage temperature are shovn in Table 6. An increase in total a.cidity

during storage was observed. The ~ples stored at higher t~=?eratures

were higher in acidity. This increase in acidity may be caused by degra-

dation of the reducing sugars to acidic products or by enzyreic íormation .

of acids. No appreciable diíference in pH between the s~ples was ob-

served. Table 7 shows the chemical and physical properties of the fresh

bananas used in this work. The Brix value, moisture content, and pres-

sure test indicate that the bananas used in the present work were at a

good stage of ripeness for processing.

12. Total ca~otenoiàs.

Figure 10 and Table 8 show the absorption spectra of the total

carotenoids prescnt in freeze-dried bananas. There w~s a si~ificant dif-

ference in carotenoids content oí the products made y the slow ~~d quick-

freezing processes. By comparison of t.~ absorption spcctra, ~c C~ see

tr~t t~ slow-ireezing produc~ ret~ined more carotenoi's t~~~ ~~e one

made by the Freon-imrn6rsion processe The phenornenon oay be explained



Table 6. Effcct of storage temperature on pH and total acidity of freeze-dried bananas.

pH Total acid (malic) %

Stornce
Storage time in monthssrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

Samp l.e conditionnmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA_. . ..._ ...

O 3 G 9 12 O 3 6 12
_0,.,..

Slo'vl ooe 4.90 1.5L.5

Quick ooe 4.91 1.544

SlO\l 200e 4.90 4.90 4.90 ~.87 1.534 1.545 1.610

Slo\v 300e 4.88 4.87 . 4.88 4.87 1.532 1.,568 1.657

Quick 200e 4.86 4.85 4.87 lt.87 1.534 1.582 1.610

Quick 300e 4.89 4.86 4.90 4.85 1.561 1.610 1.671

--,~........... _,..••.

\J1
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Tab1e 7. Chemical and physical properties of
fresh 'Valery' bananas.

Pressure
test

5/16 lbs

without pccl with po<!l

conter end center end

1.49 1.40 9.65 9.10

Soluble

solids at

20°C (Brix) 20

4.78

Acidity as

malic acidsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

g/loo g 0.443

moisturenmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

% 71.74



FigurezyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA10. Abserption spcctra eí caretenoic~ ext~~c~cd
frem l'::,,:.:::ze-dric bananas , Zf 'ect or :'~.::~z-

ing ratcs.
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Table 8. Effect of tL~ freezing process on carotenoid
contcnt of freeze-dried bananas.

Freezing rate Total carotenoids
absorption peaknmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAtsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAILJl

Absorbance

%

Slow-freezing 410 41

442 54

470 46

Quick-freezing 410 26

442 34

470 28

62
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by the fact that the Freon oay extract some carotenoido from the bananas.

The mixed chlorofluoromethanes, known as Freons, are colorlc~s, non-

inflammable, and non-corrosive. Freon is produced commercially from

carbon tetrachloride and antimony fluoride.

On rehydration the quick-freezing samples appeared lighter than the

slow-freezing samples. This may be explained by the enzymic oxidation

of natural polyphenols in banana slices by the polyphcnoloxidase which

causes enzymic browning during the slow-freezing procesSe

13. POlyphenol~c co~pounds.

The polyphenolic compounds were satisfactorily extracted iram

freeze-dried banana with 70% met~~ol containing O.2~ conc. HeI (v/V).

Figure 11 shows a two-dimensional paper chromatogram of the pa~vphenolic

compounds present in the extract of freeze-dried ~~ana made by the slow-

freezing processe A similar pattern was obtained \~th freezc-dried

bananas ~~de by the quick-freezing processe No difference was observed

regarding the type of polyphenols present in the two types of products.

A total of seventeen blue-colored spots were detected when the chro~a-

togram ~as sprayed with the FeCl
3
-K
3
Fe(CN)6 reagent. Spots r.arked with

full linee were present in larger anount tr~ those carkeà 'Kith broken

lines. The aqueous portion af the extract after extraction with ethyl

acetate, when refluxed with leucoanthocyanidin reagent changed to red

color. Tnis indicates the presence of leucoanthocyanidL~ in the

aquoaua portion.

Table 9 shows the R~ values of the polyphcnolic co~~ounds cxtr~cted

from freeze-dried bananas in two solvcnt ~yGtc~ •.'Ta le 10 shows t~d

color reactionB oi these compoundo on a two-dimenaional chro~··to~ram



Figure 11. TvJo-ài~e~siona1 p~per C~~o~3to~r~~ O! po1y?r.enolic cc~-

pounds in freeze-dried bar.ar~s, maàenmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAby the slo -:rcezi:.~

processe

I.srqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBABAW (4:1:5 V/V)
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Tab1e 9. Rf valucs of polypheno1ic compounds isolated irom
freeze-dried bfu~anas.

Spot
No. Tentative identification BAW (4:1:5) 2~6HOAc

1 UnknOWIl 0.84 0.00

2 Unknown 0.79 0.10

3 Unknown 0.70 0.17

4 Rutin 0.42 0.29srqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

5 Quercetin glucoside 0.57 0.28

6 Caffeic acid 0.78 0.27

7 Catechin 0.61 0.39

8 Ferulic acid 0.79 0.40

9 Unknown 0.54 0.60

10 Trans-ohlorogenic acid 0.61 0.60

11 p-Coumaroy1 quinic acid 0.76 0.63

12 Cis-ohlorogenic acid 0.63 0.71

13 Cinnamic acid derivative 0.84 0.71

14 Cinnamic acid derivative 0.76 0.81

15 Dopamí.n e 0.47 0.86

16 Unknown 0.24 0.89

17 Unknown 0.18 0.50
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S: SJiebtnmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

B: Blue

1: Lieht

D: Dull

P: Purple

f: Faint

R: Red O: Orange

Br: BrsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAí.ghb Bn: Brown

T: Tan 0 \
\J1

Table 10. Color reactions oí polyphenolic compounds isolated from íreeze-dried bananas.

Spot 'I'cn t a t í.ve U.V. U.V. visible FeC1
3 DPNA

Hoepfner
No. Ldcn t i.f í.cn t í.on light + 1ir;ht

K
3
Fe(CN)6

reagent
NU} +

NH
3

.•.. --.. ,"- ..._ ..•-- ..

1 Unknovn Y Y - B OY Y

2 Unknovn B BG - B

3 Unknovn B 13

4 Hutin P Y Y B OY Y

5 Qucrcotin clucoside P Y - B Y

6 Cnffeic acid B B C B R

7 Catechin C C C B

8 Fer-u I í,c ac í.d B B C B

9 UnklJ0\ln íBG. ITG - fB

10 Trans-chlorogcnic acid BG YG Y B OY

11 p-Courru-oy.l, quinic acid S13 Br B C B

12 Cis-chloroeenic ucid l3G YG Y B OY

13 Cf.nnnrrl.c ac í.d derivativa na YG C B

14 C'innam i c acLd derivative na YG C B

15 Dopar.d.no D - C B PBn

16 UnJ.::nO\·,'t1 - - - B. P

17 Unkn C!wn - - - B P

Y: Yello\<1

C: ColorlcGs

G: Groen
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when examinod under u1travio1et radiation with or without expos~e to

ammonia vapor, under visib1e light with ammonia vapor, and when sprayed

with various chronosenic reagents. Table 11 shows the color reactions

and Table 12 the Rí values oí authentic polyphenolic co~po~~ds.

Spots 10 and 12 showed b1ue fluorescence under ultraviolet radia-

tion. Their color changed to yello~àsh green fluorescence in the

presence oí ammonia vapor. When the chromatogram was sprayed with the

FeC1srqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
3
-K
3
Fe(CN)6 reagent they appearcd as blue spots. On separate chroma-

tograI:lSthey appeared as tan spots when sprayed with tl:e DPNA reagent.

The spots showed a yellow color wnen sprayed with a saturated solution

of 3,5-dinitrosalicy1ic acid in 50% ethanol containing 2% NaO~. The

color reaction oí t~~se compounds reôembled those oí caífeic acid deriva-

tives reported by Luh !l~. (1967) and Cartwright !l~. (1955). ':'bese

spots (10 and 12) innmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBABA IJ (4:1 :5) and 2% acetic acid show values ccnpaz-abâ.e

to those oí tr~~s-a."ldcis-chlorogenic acid respectively (Williams, 1955;

Rivas, 1966). Thereíore compounds 10 and 12 were tentative1y identified

as trans- and cis-chlorogenic acids respectively.

Spot 4 showed a purple color when examined under ultraviolet radia-

tion which changed to yellow ~hen exposed to ~onia vapor. Its Ri ~~d.

color reactions with chro~oeenic reagents were similar to t~ose oí a.~au-

thentic r~tin sample. This co~pound showed absorption at 260 =f '~~oulder)

and inflection at 360 In)l. After addition oí 3 drons of a.Lurai.nuz; chloride,

a bathochrornic shift oi 12 ~? was observed. TI1e solution tur~ed decp

yellow, giving a complex with aluninuo. The aâumãnum ions comp.Lex with

polyphenolic co~pounds tha have a ree 5 or 3-hydroxy1 grou? Jur , 1962).



TablcsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA11. Color reactions of authentic polyphenolic compounds

u.v. visiblc FeCl
3 Hoepfner

COr.1pound U.V.
and light

K
3
Fe(CN)6 DPHA reagent Ninhydrin

N1l
3

and
NH7nmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

_ •._r,· •. ,_ .._.<

Rutin P Y y B OY Y

Caffeic acid B B C B O R

Fcrulic acid B B C B R YBn

ChloroGcnic acid YB YG y B T Y

Quercetin Y Y - B Y Y

Dopam:i.ne - - - B PBn - P

•....•_._,_ ..

Y: Yello\T B: Blue P: Purple R: Rcd O: Orange

C: Colorlcco 1: Light f: Faint Br: Bright Bn: Br own

S: SliG1Jt D: Dull G: Green T: Tan

0'\
-o
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Tab1e 12. Ri va1ues oí authentic po1ypheno1ic co~pounds •.

ObGerved Rcported

Compound
BAH Acetic acidnmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAB H Acet.icacid

(4:1:5) (256) (4:1:5) (2%)

Rutin 0.42 0.30

Caííeic acid 0.75 0.28 0.80 0.31

Chlorogenic acid 0.65 0.60 0.58 0.62

Ferulic acid 0.83 0.39 0.80 0.32-0.46

+ Catechin 0.67 0045

nor-Adrenaline 0.28

Quercetin 0.70 0.00

Serotonin 0.42 0.54

OOPA 0.20 0.83

Dopamine 0.50 0.87

L-Epinephri!1.8 0.40 0.79

p-Coumaroy1
quinic acid 0.76 0.66

Quercetin glucoside 0.64 0.20
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Spot Nô. 4 was thereiore tentatively identified as rutin.

Spot 6 was tentativcly ide~tificd as caifeic acid as its Ri values

in various solvents and color reactions were exactly the sarne as an

authentic compound.

Spot 15 wus tentatively identificd as dopamine because its

behavior is similar to that oi an authentic sample.

Spot 11 showcd a slight fluore~cence under ultraviolet radiation.

It changed to a bright roya1 blue fluorescence when the chro~atogram

was examined ~~der u1travio1et radiation in the presence oí ar~~onia.

This spot was tentatively identiíied as p-cournaroy1quinic acid.

Compounds 13 and 14, under ultravio1et radiation either with or

without a~onia vapor showed color reactions similar to cp~orogenic

acid. The co1or reaction oí these co~pounds were similar to ch1orogenic

acids. They were tentative1y identiíied as cinna~c acid derivatives

(CartwrightsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA!l~., 1955).

Spot 5 was identified tentatively as quercetin glucoside as evi-

dence by its co1or reaction, behavior under ultravio1et radiation, and

Ri values (El-Sayed, 1966).

Based on the R~ values in BAW (4:1:5) and 2% HOAc, Spot 7 was
J.

identified tentatively as catechin. It did not ahow fluorescence

under ultravio1et radiation. It did not shov a pink color wi.t hnmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAvand.Ll.Ln

reagent, probably because the quantity preaent was relatively smal1

(El-5ayed, 1966).

Spot 8 has Rf compar~b1e to authentic ierulic acid and was tenta-

tively identified aa such.



Leucoanthocyanidin

According to C1ark-Lewis (1962), p1ant 1eucoanthocyanidins can be

c1assified into three groups: (a) condensed po1ymers, thone that are

inso1ub1e in water anà the usual oreanic solvents, or give only colloidal

solutionsi (b) elycosides or dielycosides, those readi1y solub1e in

water and not extractab1e by ethy1 acotatei (c) monomers, inc1uding

flavan-3,4-dio1s, those which ~ay be extracted from aqueous solution

with ethy1 acetate. It seems that the 1eucoanthocyanidin in the present

work be10ngs to the second group.

Clark-Lewis (1962) reported that when 1eucoanthocyanidins were

boiled with hydroch1oric aCid, two reactions happened at thesrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAs~~e tine,

the formation of anthocyanidin and po1ymeric condensation of flavan-3,4-

diols to yie1d "ph1obaphencs".

The spot detected on the paper after the application of the hydroly-

Bate had an Rf of 0.43 in BAW (4:1:5) and 0.30 in Foresta1 solvent. The

compound was pinkish when viewed under visib1e light, purp1e after spray-

ing with AlC1}' anà mauve under u1traviolet 1ight. F..arborne(1958)

found that de1phinidin ha s anmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAR~ of 0.32 in Forestal solvent and 0.42

in BAW (4:1:5). Bate-Smith (1954) reported that de1phinidin has a R~
.I

va1ue of 0.30 when irrigated with the Foresta1 solvent. Bascd on the

above infor~~tion, the pi~ent obtained fro~ the hydrolysis oí acetonic

extract was identified as de1phinidL~. Robinson (1937) a1so detected

de1phinidin in the pu1p of edib1e banana. ~ne application of acetonic

extract to p~per showed t~t ai er the chron~togram had be~n deve10ped

and dr i.cd the leucoant .ocyaní.d í,n stays on the .aac 2.ine and ',:,::,.3 detected

after apruying the chromatograrn with the vani11in rea5ent.
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14. Relative ~~ounts of polyphcnollc co~nounds.

Results on the quantitative determination of the poly henolic com-

pounds present in freeze-dried bananas, as determined by the Folin-Denis

method, are presented in Tuble 13. Compounds 5, 9, and 17 were not

determined because thcy were present in trace amo~~ts. Spots 7 ~~d 17

were not determined because of the difficulty in locatins them on the

paper chromatogram without the chromogenic reagcnt. It was azsQ~ed that

Spots 2 and 3 showed a slight creen fluorescence under radiation

the elution of the compounds was complete and that a linear relations~ip

exists between absorptivity and concentration (Swain and nillis, 1959).

The Folin-Denis reagent, according to Singleton and Rossi (1965) determines

only the aromatic hydroxyl groups in the polyphenols. Therefore thia pro-

cedure indicates the relative ~ount of polyphe~ols based on t~e co_or

reaction. Spot 1 appeared in 1argest concentration, followed by chloro-

genic acids (Spots 10 and 12).

Unidentified co;,oounds.

The presence of Spot 1 has been reported by Tsiang (1964), Hsu (1966),

and Rivas (1965). The ccmpo~~d presents an absorptio~ peak at 272 ~~ and

an inflection at 396 mp. Tbis compound is ye1low in color under visible

light.

frow ultraviolet in the presence of ~~onia. Spot 9 could be a chloro-

genic acidnmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBALsoner- due to its color under ul t raví.oãet , no\,;.:::ver,:it was

present in very low concentration. Compound 16 could De idcntified as

nor-~drenalL~e because its R~ value coincides with the ~~ reyorted in
~ .srqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

t ae litcra.ture ('::'lock,1953) and it r-eac t e .•..d th D?:TA and ~i::..::"yclri.'1.

However, we did not have an authentic compo~'1d for com~ison.
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Table 13. Relntive amount of polyphenolic compounds in freeze-dried
bananas.

AbsorbancenmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA% of total
Compound Tcntative identificntion Klett units polyphenols

1 Unknown 480 23.8

2+6+3+8 Unk+Caffeic+Unk+Feru1ic 238 11.8

4 Rutin 130 6.5

10+12 Trans and Cis-ch1. acid 360 17.8

11 p-Coumaroy1 quinic acid 180 8.9

13 Cinnamic derivative 160 7.9

14 Cinnamic derivative 245 12.2

15 Dopamine 220 10.9
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15. Indoles in freeze-dried bannnas.

Th1s part of the study was done with the purpose of findL~g scro-

tonin in freeze-dried bananas. Four compounds reacted with tte Ehr1ich

reagent (para-d~ethy1aminobenza1dehyde). The chro~to~rap~ic properties

of these spóts are 1isted in Tab1es 14 and 15. The coopounds tr~t react

with Ehrlich reagentsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAwer-e c1assified as índoles (Block, 1958). Tryptamine

derivatives give the general índole test with p-dimethylaminobe~zaldehyde

(Seike1, 19ó4). Compound l' has co1or reaction ~d Rf value s;~;lar to 5-OH

tryptophan as reportcd by Block (1958). It was tentatively identified as

such. Compound 2' was tentatively identified as L-tryptophan because its

Ri and colo~ reaction matches those o: an authentic sanple. Spot 3' shows

color reaction and R~ value c10se to ao authentic sample of trypt~~ine •
.•.

Ri values in different solvents were si~i1ar to an authentic 5arn9le of

serotonin. The presence of serotonin ~s also evidenced by the positive

Spot 4' shows a blue color after reacting with the Ehrlich reagent. Its

reaction with a reagent composed of nine volumes of 0.1% potassium di-

cromate and one volume of 40% fo~~ldehyde. After spraying the chromato-
I

gram, a yellow fluorescent spot ~~s detected. Tnis reagc~t, according

to Block (1958), i5 specific :o~ serotonin. The compound wa5 identified

as serotonin (5 hycU-o:>..-ytryptar:Jine).This ccmpound appear-ed i..:""l very 10w

concentration. Further deteroination of each spot is required.
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Table 14. Ri value oi indoles iôolated iron freeze-dried b~~as.

Tentntive Solve:-tsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA.3ysten

Compound identificntion 1 2nmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA::>
I

-+

l' 5-0H tryptophan 0.11 0.12 0.09

2' L-tryptophan 0.40 0.27 0.70 0.27

3' Unlmown 0.76 0.68 0.89

4' Serotonin 0.69 0.50 0.58

Autl:.entic

Serotonin 0.68 0.52 0.83 0.56

Tryptal'nir.e 0.80(0.70*) 0.71 0.92 0.77

L-tryptopha.'1 0.43 0.28 0.29

REPORi:'::::D (Block, 1958)

Tryptophan 0.42 0.18 0.24

5-OH trypt. 0.11

Tryptamil'le 0.82 0.65 0.82

Serotonin 0.65 0.52 0.57

1 Iso-prop.:mol :r,--140H:H
2
O 8:1:1 (V/V)

2 Iso-propano1 :N:!40H:n2O 10:1:1 (V/V)

3 N-propano1 :IJ140H :n
2
O 6:3:1 (V/V)

4 Iso-propanol :rm4ca :H
2
O 20:1:2 (V/V)

-Ri when applied with the cruàe extract.
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Table 15. Colar reactions oí indoles isolated íron freeze-dried
bananas.

Compound
Tcntative
identification

Color •.srqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA-eac+í.on

p-dimethyla~inobenzaldehyde
reagentnmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

1 ,5-OH Tryptophan pink

2 L-Tryptophan pink

Serotonin blui.s~

3

4

UnJr..nown pink bluish
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;~nmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA- -,... ...•
--"'- .'--' .-zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

slices vere :ro::.cnby dippinS i..."'l. }reon 12 for 60 cocor.da (c:..:.ic(:-:rcczi~e)

and by clow-freezing. Tho canplcc wero froozo-àrieà L"'l.a S~c:ccc :rce::.e-

drior, zsea.Led und er-16" vacuum in Ho. 2 1/2 C.?nO, and then "tored at 20

and 30°C for ctor~ge ctnbility toctc. Samples were tAkcn at 3-o0nth

interval5 up to 12 montho for otor~so otabi1ity tost~. Cr~cec ~

accorbic aCid, pH, ncidity, calor, Fo1in-Doni~ value, po~~henoloxi~Go

as objectivo teste.

1. Saz::ple~ctored at 20°C aaoved a be t t ez-ro:-.y~.:itior.cap.::.cityt'r,~j.

those st or-ed at 30°C. T:'leslo\o.'-freezL"'l.é;so.:::p1cscao:....cd .;:.,better

rehyàration capc..citythan tho ~uick-frcezinõ ca=p!es at the ~e

t.eapez-aturo •.

2. Accorbic acid rotention \o.'asused ac an objective t~c~ for st0raze

c~n~es in froeze-Cried b~~s. A ~ore rapid 10c5 o: ~ccor~ic

~cid W3S fO~"'l.dwhcn tho proàuct ""as ctorcd ~~. 30°C ~h.~~~ 2C~C.

1ike eub stanc ec in !reeze-<iried bananau as in~--;uer.ccd by .::;~or.:l.So

tr~ouzh tho 12-=onth ctorage.

...•..•.......• - •......
...., • .I-\"....J
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i::lport.:mtf'acnmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAtsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAoz- :'nfluo:-.cine;U-.~ ru to o: f0r::..:.~ie:. of ',:c:..tc:--

Goluolc pi~cnt~.

Pol~'pl~únoloxid.:l.Gcac t í.ví, ty \o/<1Gfeand to bo h:'é;:-.C~ ir. t:-.c ~
C,~O 'N-

frcezinL; thnn in thc quick-frcezine product. '1':.0 o!'t:':::u.~p3

of banana polyphcnoloxid<1Go on pyroc.:l.tcchol~.:l.G6.1 at 30°C.

6. Thc total acidity of frcczo-driod bananas incrcaGod durin3

ctorase.

7. Tho Gardncr color diffcrcnce meter W.:l.Guscd to ov.:l.l~tc the

color chanCCG in frcczc-dricd b~~4.:l.0. ?~o colo:- oi t~o clow-

frcczing product wao olichtly darE.or ~r~~ t~~ of quict:-

frcczing product.

8. Or~~40lcptic cvaluntion oi thc productc oto:-cd at 20 ~d 30°C

up to 12 conths wao made aftar ror~dr.:l.tion. ~~c ?~od~c~o

Tho total carotenoid content of frccze-dricd

rot.:l.inedthoir qu~ity wcll. eGpcci.:l.llythooc o~o~ed ~~ 20°C.

Therc wcrc SO::lC diffcrcnceo in quality bctwcen ~tc slo~~ ~~

quic~-frcczin~ producto.

shown to be prcoont in larsor arroountc in ~ho olow-f~ccz::.~

by tho extr<1ction o: carotcnoido by Frcon.

10. ':'hepolyphcnolic corapounda in :rcczc-cricd O.:1:".a-.<:..o\,C~0 i!'.v.::~-;i-

t:'vco, Rutir•• and Do~ú.~i..::oin
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The polyph~nols were dctccted by thcir ~~ valUCG in c~~~e~entnmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
~

solvents, color reaction "~th chromoecnic cpr~Jc, ~.~ flucres-

cence under ultraviolet r~diation with and without :~4C=.

Quantitative deterr.inationof the flavonoids by the Fcl~.-~enis

mcthod showed that the unknoW-nSpot 1 was present in larecct

concentration, followed by the chlorogcnic acid iso~ers (Spots

10 and 12).

11. The presence of leucoanthocyanidin as precursor of dclphinidin

in freeze-dried bananas was evidenced by pape~ c~o~atoeraphic

methoãs, using the Forestal and Butanol: acetic acid: water

(4:1:5) solvcnts for developmcnt.

12. Four compounds that show positive reaction with the ~~lich

rcagent were found in the ethyl acetate extract. Túey ~ere

tentatively identified as 5-0H tryptophw~, L-trypto?r~ anã

serotonin (5-0H tryptamL.e). The color reaction ~~d ~~ values

of Spot 3 was similar to an authentic sample of trJpt~-Íne.

One can detoct the deloterioua offect of storage at 30°C on q~ity

char.eesin the freeze-dried product. Products ~~de by the slow ~~d ~uick-

freezing processes wero of bood quality even after 12 mo~ths' stor~~e nt

20°C in hermetically-sealed cans.
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