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Oonstituente of the diferent varieties 'Nes stuliol, the 

volatile sulphur and sugar content iiicrcaei as the cnioni 

epproached maturity, the ascorbic acid content dtIcreosed 

throw7hout the stages of noturtty. 

Onion varieties were stored for three mor.ths undor 

normnA conditions anl Ihe effect of etora,I; wr!‘s stu,lie,? on the 

dIfilerent constituents of the onions. 
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*Tagil:cad, 

i.i.ffYoRATIO OF 1,134%TABIX mom 

The drying of fooeb is a very ancient practice. Firs, 

raisins, other fruits, and meat preserved ia this 4ray -Jere 

probably used by man at tn early 2taos of his develop:ilea 

There t, however, lit 	early literature available on te 

subject. 

cording to Presoott (I) desiocated Vegetables, 

compressed into briquette form, were used to pre-,mt 3curT7 

among Union troops during the Civil war in the U.S. Prescott 

also atentionod the clecolted soup vaget4blos used etieceeefally 

bi the British ar,Ay durin the Boer .r. During Thrld war 

according to klichols (2) and his associates, the number of 

min& of dehydrated vegetables shipped to the U.. rway 

overseas was as follows: potatoes 6,4$7,430 pounds; onions 

336080; carrot 214,724; turnips 5,2;4; and soup mixture 

1,860,0o0 w a total of 8,90:::#158 poaade. 

Dehydrated vegetables should have a low moisture content 

usual y under 5 par cnt, to ainifaiz the detoricration in 



coloar„ odour and flavour caused by oxt.ttve ad other 

ch.41cal changes. They should be free from scorched flavour 

and fhe darkening caused by too severe haat treatment. 

Deh7dration greatly lessens the reight, reducing root 

vegetables to about one firth of their fresh weight, leafy 

vegetables nn0 tomatoes to ono fifteenth or less. The balk 

especially 10  the dehydrated products are compreezed before 

vaukaging is much less t 	that of other forme, Cemoss and 

Isskinney (3) • One carp ship can *wry,  dehydrated vegetables 

equivalent to 5 to 15 ship lards of the fresh or canned • an 

2 

$aportant C 

 

stderatton during the .53hortage of ships. The Af 

 

dehydrated vegetables do not require refrigeration daring 

shipment or stol*e*  becance of the reduced weight and 

volume, loss packaging material is needed per unit of rood* 

Tin containcro nod not be used - a gr,tat adwintage auring 

the scarcity of tin. 

hydra 

Onioa varieties vary t :tally in yield per acre 

drying ratio, sugar content, panczncy and co/oar. Pungent 

vavttiol of light oolour are preferred. 

Ames nnd fittrion (4) give the following data on the 
perecnt.ige of dry matter of eight varlet te5c onions* 



S. 

(Pe, cent. 
pariet7 	4 mater 

Sot Spanish 5.50 

Cram 7.16 

Itallan 	ed 8.83 

California .;e4r17 Rod 9.0Z 

Southport White Globe 1f...78 

Sbenosor 11.17 

Obits Portugal 11,24 

Australtsa emln 12.1c 

Iho dr7114$ ratio afro's Gems derably according to 

this valptios. Cruses and Masklaney (3) found the following 

drying ratios fey several varieties er Wow Stool:ton Yellow 

not* rnngtag from 1(.5i 1 to 11.5 i 1 California I,:arly Red, 

04,r; 3 1 to 10.8 : 1; arano 10.9 1 to 11.7:1, 3:an 

: 1 to 1Z5,7 t lo  Southport Whits °lobe, 8.4 : 1 ant 

Australian .0rowu 	: 1 to 0.9 s 1. 

Pre-INWaco ifftr  

The principal operation in th2 i.TrwrAtion of veotable 

for r3naro (1) weaning; (2) sorting; (Z) trImaing; 

(1) peiaing (roots and tabors only); (5) au4b.dividins; 

(3) binehing; and (7) loading on treys. 

ftion rosent diffleult peohlem. The outer pv1tke 

haskn malt he removed. Poeme operltore remove the boas 
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meehanically by air suction aft' drying. Sote operators 

remove them by 4r=nd, e costly procedure (Cress 

Oniom are not blanched as their flavour is bettor 

unblanched Cruess and Mackinney (3). Aceording o Ste enson 

(5) a Ultinchfed dehydrated onion is of little value RS a 

flavouring terlal 

Rate of reovtr4kmoista at different tae c6  
de 	tton: 

While the vegetable undergoing drying is hi In 

moisture content, the rate of moisture loss is hi; but at 

a low motature content, the rate become very ale. 

Sugihara and guess (6) dehydrated bianehed string beans at 

150°F. In the first 15 minutes the bens lost 48 per cnt 

of their moisture, in the fifth 15 minutes, 6 par clout., 

in the tenth, only I per cent. in the first hours only 

18 per cent, in the tilted hours ;2.2 per cent. It required 

additional 2 heave to remove the next 1 per cont . and to bring 

the final moisture to about 4 per pent. 

pffeet 9r try  oalty op dri4R rate*  

Tfte velocity or air in iiven tunnel &to-min 

volaae of air per minute 	The greater the velocity, th more 

rapid the rats of drying. in experiwonts ;:ade by Christie 

and Idateumoto (7) the effect of air velocity on the length of 



AAr velocity in linear 
feet per minute 

time regairod t•o dry carrots, , bbazo and peas was found as 

shoin in table (1). 

TALUA2,  	afIscT 	AIR_ 114AGIT 	1..41iGrq  
gb Ift  

4fect of heat; 

fie rt 	end o. the dr: 	period any vegetah 
	

.ftc:omcs 

susceptible to heat dc61%-ie,  Making observations OA co1or, 

odour and flavour after3 to hours heating Cruses and 

Mackinney (3) found that claWdasp showed slight but definite 

injury at 1400F. with E to 1 per cent. ralmiY173 hazialty, and 

pronounced injury ct 30 per cent . Garrets lhovad no appreciable 

injury even at 160"11  F. and 30 per clnt ralative humidity. 



Petatoos showed slit injury at 1600?.  at a humidttl of 8 to 

10 per ctit-, qnd 

marked injury in 

both humidities, 

of onions should 

fin hing at not 

155°F, and 30 per cent, Onions shoed 

colour and odour at all temperatures used and 
(3) 	ehar 

Cruess and Mackin/ley consideredrdshydration 

be carried to less than 4 per cent. moisture,  
above 165°F. after drying onions are usually 

packed in air, though their colour and flavour are better 

retained in VROUOM or inert gas 

Ascorbic acid is sensitive t* atmospheric oxidation. 

it was report d by Cruess and Saekinney 3) that a shorter 

drying time at 150°P to 160P, is lees destruotiVe to vitamin C 

than a longer period at 1200P 	As c',rues51 and Joslyn (9) Whys 

shown, the loss of ascorbic acid in dryingi largely 

nonenzywItic, 

The data In the literature 	ar sontradictor* 

concerning tho losses of ascorbic acid. The destruction of 

ascorbic acid 19 catalyzed by oxidising enzymes. Some 

vegetables are high in these oxidising enzymes, c:se.,. cabbage 

and squash, and consequently difficult o dehydrate without 

marked loss in ascorbic acid. Others o.g, spinach, are 

relatively low in the 

 

enzymes and so should be costively Jt. 

 

easy o4-hydrate without a eat loss pf ascorbic aatd, 

Trot3glc.r (0 ) . 



Ancorbic acid is especially aonaitive to oxidation, 

partlaalarly in alkaline or nearly neutral solutions. 

Tressler, Mack and King (10) and Tressler (11) reported that 

vegetables other than rhubarb, tomatoes, cabbage and root erops, 

rapl.dly lode vitqmin C, when stored at room temperature or 

hiGher. Certain eazyeaes and copper salt* entails* its 

oxidation which occurs rapidly at a pH o 	ca,  higher. 

or this reason, non acid vegetables lose vitaaain C or 

rapidly daring dehydration than do fruits .L!2-hich are rela!Avely 

more aoidic. 

'Ling and Tressler (12) stated that vegetables dried 

accordinG to common home and commercial practice ar mact1cal4 

devoid 	i.tain C becaase of ensymic oxidation, SPoclal 

precautions may be taken, •howeafer, to reovoitt much of the b ee.  - 

Sulphite treatment, according to Morgan (13) and drying in 
bot h 

vuouokurford a measurable degree or protoottoo. fkLt and 

Skelton (14) reported that the antlecorbithicfactor was almost 

oompletoly dootrojod daring slow dehydration of etabbtage• 

some of the dehydrated cabbage samples prepared by ta7.1t and 

Skalton were scalded prior to dehydration and others wore not .  

In each case dehydration' at 37°C &lased great destruction of 

vitamin C. noviltver•  the scalded sa4mles retained rnor than 



tioe not ea1dod. 

According to Givens find J.,,cClucage (15) otaoee  

dehydratod at 550  to &°C. retained ram(' vitamin C than either 

the product dehydrated at =f5 to 40
o 
or that dehydrated at 75

0 

to SOC. 

A, total loss of vitamin C from spinach deh;(irated on a 

laboratory locale was reported by Dunker and ,, ellers (13). 

Dutcher (17) has indicated that rapid drying in an inert  

atmosphere oonserves the vitamin C content of golaach. 

Dehydrated potat000 were reported b Javillier (18) to contqln 

about 20 •mg. per 100 grams and that of untreated potatoes 

containing 70 per cent water 6 mg,  per 100 gra,us. 

Studying the retention of ascorbic acid in veget hies 

dar124 dehydration, Mathi4sen*  Jobeen and Kvalhein (19) and 

Mathiesen, Jakobson and ScIvig (SO) ooncluded that commercial 

prodnoste were found to retain from 2 to 50 per 	it of their 

original vitamin C con nit. Very carefully dehydrated products 

which had not been he t$d above 70°C containedb-̀c to C!3, per cee 

ef the original vitamin C value. 

Gbens and MoClugage (21) found that tomatoes lost two 

thirds of its ascorbic acid content .luring dehydration. 

Chiye Ashikaga (2) reported that drying destroyed 60 

to 80 per cent of vitamin C of onions . According to Sillakyan 



(115) the vttMn 	ontent of vegetables falls sharply during 

ordinar7 tIning• DUVLS, 31dt, McArthur and Straohan (74) 

concluded that losses of vlamin 0 in potatoes vary from 11.5 

to 55.7 per cent daring the time involved is the total 
procedure of processing and packing with imAedlte subsequent 

aaalysis, 

Is generally knoln that onions sad members of the 

genus Allium owe their pungency and particular taste to an 
seential oil that 13 specific for each species. The volatile 

oil of A11iu cope L. was first inventignte by 3emm1er 

in 1892. He denonstr-tted the,  extremely hiFb degree of 

pungency by showinG that thin oil occurs in rain a concen• 

tration of only about 0.005 per cent. After distilling 5000  K 

of onions he was able to obtain on17 233 g. or crude Oil. 
Determining some of the physical constants and the dhemical 
composition of the orado oil, Sommler showed th;t the principal 

constituent of oil in allyl.propyl.disulphitie 

H7  

03 143 



The crude oil was found to contain 43.37 per cent. 

sulphur, while the sulphur content of pre allyl.propyl. 

disulphide in 43.26 per cent. Although Ses.,mler studied some 

of the chemical properties of onion oil ho did not develop any 

analytical procedure by which the oil could be measured 

quantitatively. 

Peterson (27) proposed a method for determining the 

volatile sulphur in plants. According to this method a 

stream of gir is passed througha wide U tube containing the 

plant tissue and heated to 10000. The volatile sulphur being 

drawn throuh and absorbed by copper oxide filings. The 

copper sulphate formed was !isso/ved in water and the sulphur 

determined me barium sulphate. Distillation of volatile 

sulphur compoende into standard ummonioal silver nitrate 

solution to form silver sulphide, with back titration of the 

residual silver r:ith potassium thioleynate„ has been employed 

in several modifications to determine the volatile sulphur 

content of plants, Gros and Piohon ( 8) and Schuphan (n). 

Platinius (3o) proposed a method desizned especially 

for onions. It involves acid hydrolysis, distillation into 

saturattdi bromine water, and determination of volatile 

sulphur as barium sulphate. A period of three days is 

required to complete an analysts. Valuable s tidies in 
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re3Ation to pu 	of onions have been ;aside by Its asp 

Arasinevieb and Ivanova (31) and Platenius and Knott (32,3 34) 

get= (3%) employed. it in measuring the volatile sulphmr 

eentent of black mustard plants. 

The mot wlane blu msthod, involdmg O,-Irote reaction, 

has ben used for hydrogen sulphide in solution by VvaVidenberg 

and. Manch WY, Heath and. Lee (37), Pomeroy (36) end by 

Sus ova (39): In proteins by Sheppard and Hudson (40); 

in sugar by Ambler (41); in meat and fish by Alrzy (42) and 
Diemair, Strohocke 	::tiller (45 	1); 	1121  by Lorant and 

Heimann (44  ); for sulphur in iron and steel bit Lindsay (45) 

and Oeciclenburg and Rosenkranzer (4G) amd for cyst/no by 

Toyda (47) and Vassel (48). Carrier (49) enploytd it for 

the 3. termination of volatile sulphur in onions. 

The method is based on the reaction between p.famino 

dliwthylanilino hydrochloride and HO in the presence of 

ferric aazonlun sulphate to give ilethylene blue. 

several investigptors have shown tbst flavour formation 

in onion and garlic Is an enzyme reaction. Cavallito, aally 

and Bach (SO) prepared an odourless powdered rlic by 

destroying the enlyme before any cleavage of the precursor 

could occur. Oavallito and Baily (51) succ eded in isolating 

from garlic an oily substance yhieh they nmicd Allioin. 

Besides possessing tha typical odour of garlic Allicin exerts 
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a marked antibacterial action. It was synthesized by Stoll 

and Seebeck in 1947 (52). Th sate authors (52) (53) isolated 

a sulphur containing but odourless compound which they called 
ALL 
kilAWktInd was synthesized in 1951 (54) • On treatment vith 

the specific enzyme Allinase, also found in garlic, kilt= 

decomposes into Ailicin, pyruvic acid and aYllmonia (Stoll and 
4t t 

Seebeck (55). The reaction beteen *12414144 and A]linase Woos_ 

place very rapidly, the o .imum pH being between 5 and 8, 

the option= teraperatura At 37 C# as for most other enzymes. 

KohmanIs work ( 
	

trnces the short life history or 

the lachrymating factor. 411 evidence indicates that the 

enzyme and prucursor cells are scpnrate in the onion bulb or 

garlic - clove. Flavour can be obtained only after the 

connecting cell walls have been ruptured tinder favourable pa 

and temperature conditions. When an onion Is sliced, there 

is a rupturing of cells only at the cut surface. The 

lachrymator and sulpha, bearing flavouring compounds qre 

formed hy cleavagg,  of the prucursor by the enzyme 

(Stephenson (5)). 

Platenius (30) made the assumption that pungency is 

proportional to the volatile sulphur content of the onion. 

He found that onions differed in pungency not only as a. moult 

or genetic factors but also because *Veva and other coOlogiOdi 



conditiOne. It was found, for Instance, that Itallan red 

onions $*portId  from Italy wore consistently mild*r than 

bib of the same vetrietY grcrjfn in New York .  

*AP. Y pp, PliTONS  

eclat 	110nngoncz of differenA opa, wietiem 

Platenius and Knott (34) reported thst the different 

varloties o ()alone differed considerably in their volatile 

sulphur content. Some varieties were found to contain twice 

roach volatile sulphur as other varieties. The same 

uthors (3q) concluded that varieties of onions can he 

grouped into several °lasso°, according to their volatile 

solphOr content. A, is the distinctly m114 Onion, 13 those 

which are intermediate in Nagano, oat under 0 are the 

voteties ohich are deoidedly strong. 

Although onions were grown in widely sevIrated 
locations differnes in pungency as n result of coological 

conditions were rolatioiely small, though folrly consintent. 

From the stady of the moisture content of different 

varieties ar onions Jon s nod caisson (47) drew the following 

conclusion: that those voriotios ohich are considered mild 

and of rather poor steraGe quality have the highest moisture 
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sontent whereas those that are the most pungent and keep best 

in storage have the lowest moisture content. 

This suggests that pungency in any varisty Is merely a 

matter of relative concentration of the dry %later, including 

onion oil. This view was supported to some extent by Platenius 

and not (S4) although ther rfers several notable exceptions, 

the strongest and mildest variety both had a water content of 

Orf) pe. cent. Thts inverse re lationship of pungency' and water 

was reported by Baton (35) in black mustard plants,. Wlere the 

tissue with the nigher water content has also the lower fresh 

weight percentage of volatile sulPhur. The dry weight 

percentage showed a similar but saaller difference, thdicnting  

that the decreased pac4gency of the tissue of high r water 

content is not due Qntirely to a dilution of the volatile 

sulphur - Jith water, bat there is actually less volatile 

sulphur in proportion to the reraainder of the dry matter. 

ZP 	' 4:NV 110v44,4  A, VI0- 

  

TemDeratares  

It was found by Platenius and 7nott (34) that teaperature 

had a striking effect on thL,',  vointilr.) sulphur content, and that 

onionsran at a temperatum from 70)  to lie were three 'Limn 
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ag4 pungent as those grown at 500  to 600.  

wate r V0100.2: 
TrriEnted onions bad a volatile sulphar content leer 

than those not Irrigated, and the bulbs of the Irrioted ones 

were bigger than the non.trrigated. Pinteniue and toott (34).  

Loj.L.taxentl_a.terz, 3.-st 

The effect of the different types of soils on the 

volatile sulphur content of the onion was reported by Ploteni0S 

and Ynott (34) who Grew a variety of onion in three different 

types of soil 0. peat, sandy to and sandy soils with a low 

and high water table for each experiment. Onions on in 

peat soil were found to contain the highest amount to volatile 

sulphmr whiao those grown in sandy soil were the lowest. 

In all the experiments the bulbs crown at a hiGh water level 

were biter and contained less ve the sulphur than those 

grown at a Inv water level. 

A strikinr correlation was found by Plateaus and Knott 

(34) between thr, volatile sulphur content of the onion and the 

soils en which they wore grown. Wherea the sandy loam 

contained 10 times and the peat 100 times as anch sulphur as 

the eand sotl, the corresponding volatile sulphur cont;nt ar 

the on 	Was only 25 and 58 per cent higher an the e*,q1dy 

loam and peat than it Was on the sandy soil. The addition 



of an eqUivelent of COEi pounds of sodium sulphate per acr 

to th andy soil doubled the percentam of sulphur present 

but was insufficient to have an appreciable effect on. the 

pungency of the onions, Eaton (65) reported that black 

mustard plants colown in 1ruii..eulir nutrient nolutione 

the leaves tasted flat, a compared 4mith the sharp acrid 

taste of plus sulPbur leaves. Analysis shoved that the 

minus sulphur loaves were almost completely lacking in 

volatile salPhar. Re also found that th,.4 leavor.4 or plants 

grown ln sand with a complete nutrient solution contsAnad 

more volatile sulphur than three grown in soli. 

V f4eet cf 	e. of 	rIt 

The effect of the ata -es of maturity on tho volatile 

sulphur content of the onion was reported by Platentus and 

Knot (33) who grey/ three varieties of onions and found that 

the volatilo sal liar Increased till the pt.nte approached 

maturity and the pee of the curves were reached just before 

the tops began to fall over. Eaton (35) found that the age 

of the leaves of black mustard plant affects their volatile 

sulphur content. her the upper leaves were mach mor ptngent 

than thaw lover ones. A similar difference but /e rn t nttude 

appeared when the leaves ef young plants were comp 

those of the older ones. The young?r the plant the more 

volatile sulphur was found in its leaves. 
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Effect of storage. 

The changes in the volatile sulphur daring storage was 

reported by 7latenius and Knott (34) who stored two varieties 

of onions in 1936 and 1037 at 33°F. 	The volatile sulphur 

content increased as tho atorage period progressed. nowever, 

the increase appearc to proceed at a slower rate towards the 

end of the etorago period, In foot one of the varieties stored 

in 107.1938 showed a slight decrealge in its conteat of 

volatile sul lur. 	fl attributed the variations in the 

volatile sulphur eontent o the different samples partly to 

shrinkage losses and chances in the peroentage of dry matter. 

Re stated that these two factors alone cannot account for the 

general tendeney of h„, volatile salphav to inorease during 

th atorage period. Instead, it is evident that some of the 

onion oil was formed 7aring storage from other forms of 

sulphur and o vaio oouatituonts In the bulbs. 

ASCOIBIC ACT)? G-To'n" 	F 	ON 

The factors that influence the amount of aseorbic acid 

to fruit and vegetables are receiving increasing attention. 

Invostigatione into the difference between members of different 

plant families and genera, between different species of the 

same genus, between different mmAAtlesbf the same species, 



between different ports of the ;sonic plont„ botoeen the same 

part at different stogoe of development are typical of one 

kind 

 

of inquiry; in addition ottention is being turned to 

tho effects of differ-,00t types of fertilioers and genral 

ocoditiono of cultivation on the nutrient mokeoup of the crop. 

Although onions hove been reported a being a MA* 
source of vitamin C, Shernan (57), the published 1i&1*.* raw 

from O.(5 to O.15 mg par g. °Moor (58), Fajita lrid '4)ihara 

(59), Mayfield snd Riohordsoo 	nnd Chi and Read (31). 

Marphy (32) reported that aloorbie acid o lifrerent varieties 

of onicos range from .4 t 0.17 Mg per go  wernor (66) in 

otadying the escorbio onid content of different varieties of 

fiebraoto potatoes, tonne that sooe varietice 'Nero auperioo 

to other% 

The uneven 	 tribution of ancorbio 	id hos been 

repo-, ed in many vegetables nnd froito. it has boon shown 

that the n1/4in of the mntur pple contra:1s much larger amounts 

of vitooin 0 than does the oentral position, 3racewel1, Kidd, 

West and ?Alva 04) ond Biroh„ Harris, and Ray (65). The 

outer leaven of the onion bah UV foand to oontoin ouoP. less 

ascorbic aerial than the oentrol leftves, Mur:Ohy (32) 

YeRonry and graham (66) reported an analogous p 	ono in 

turnipø and saggeated that vitamin C production ts perhaps 

dependont upon the photosynthetic process in the leaves and 

that is transported thenoe lo th root. 
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Ascorbic acid was reported by several workers to be 

affected by the stage of maturity of the plant. An the 

Onion approaches and. reaches maturity its ascorbic acid 

value falls - MurPhy (32). According to Becker (67) spring 

onions contain much hichsr peroentage 17f vItamin 0 than 

the mature onions* 	1.1va snd 'Kidd (68) found that as apple 

fruit approaches maturity the proportion of ascorbic acid 

increases* Rubin (69) eluded that ascorbic acid is 

formed in the green assimilflting parts of the plants. 

Plants not containing chloroPhyll do not form ascorbic 

stf,id„ Plants growing in the sunlight have mere ascorbic acid 

than those grown in the shads - Devytinin (7a). 

Shapiro (71,72) reported that peat.type soils reduce 

tha vitaain C Content of potatoes in comp%rison with loamy 

soils*  According to Naik„ Shah and Pandya (73), the Vitamin C 

of vegetables depends largely 0* the amount of nitrogen 

applied. Phosphoric- fertilise?s have littla effect* 

Aslanynn and Vhitanyan (74) concluded tht alt;rogen fertiliser 

alone decreases the ascorbic acid content of the tuber of 

potatoes and the hnmful effect of the nitrogen fertilizer 

can be overcome by the addition of superphosphate. 

Results obtained by Wokes and Organ (75) suggested that 

the vitamin C content- of tomatoes grown in Croat britain le 
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affected by tho degree of exposure to sunshine daring 

cultirwtion. It is also related to the size o the fruit, 

polttioa o± the plant, date of collection, The suggestions 

have. been supported by Pollard, 71eser and 3ryan (76, 77), who 

found the average vitamin C content of tomatoes grown outdoors 

in 1945 vas only three quarters of that of tomtees grown under 

t same conditions in 1.944, The lower vitamin C content La 

1945 was correlated with smeller number o hours of sons'nine 

during August, September and October, Woken, Barr, Burnskill 

and. than (78) stated, that although some evidenme indicated 

th.A lower vitamin 0 content is A result or less exposure to 

sunshine and lower temperature, the data do not prove those 

factors. to be solely responsible for the varlet' xi* noted. 

Effect of to 
Ch,Ipcil (7E teste3 Erusi prouts stred at room 

temperature on, 5,1even successive days after purchase and 

concluded them vas.! A definite ,,tfid feirly steady fall La 

vitamin C concentration as storage proceeded, Rapid loss of 

vitamin C from some vegetables stored at room temperature and 

slower loss daring storage at 32017, was reported by Waiver (513) 

for example st room temperature spinach lost 7a per cent of its 

original vitamin C content in two isys and asparagus tope 80 per 
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cent in 4 days . The same author (p0) states that as Q general 

rule, the mrlovity or green leafy vegetables lose 10 per cent 

of their initial vitamin C for each day's elapse after 

harvesting, vhercas root veGetables lose itamin C at a 

slower rate. 

A table suaarining the effect of storage on the 

ascorbic acid of raw foodstuffs mostly vegetables, has been 

compiled, by,  Marston nnd Dawbarn (81). They quote from 

published work, Gould, Tressler and ging (82), Mack, Taply 

aud ZAN', (83), Tressler, Aact and Kin (10) and Wheeler, 

Tressler and King (04), results which demonstrate that a 

greater proportion of the original vitolan C in retained 

during storage nt 54.37°F than at 70.73°P. For example, 

Freneh beans lost 2.34 r cent of their latatain C after 1 

day's storage 'id 5.50 per cent after 2 days et the lower 

temperature, co .red ith 11.45 per cent and 21.65 per cent 

for corresponding times wt 70-75°F., cauliflower showed no 

loss during storage for 14 days at 34.457°F., but lost 37 per 

cent of its original vi -  4n C content in 4 days &t room 

tefaperature; spinach :ot at 340F lost 	per cz, nt in 3 

days rand 8.19 per cent in 7 days, bu. -;tea stored at 73.77°P 

the losses 	44-51 per c(-W, in 	days ,Ind.21-06 per cent 

in 7 days. 
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According o :Jarphy 2), onion varieties stored nor 

ionthe under home conditions lost 23 to 54 per cant daring 

th4,  firs nontil, during the second month losses raagOd froa 

0 to 54 per cent, during the thirCaontb. loam's wore slispt 

for most varieties. The actual einellis for all exoopt two 

varieties remained practically the some. Mayfield and 

Richardson (504 have reported that vlinter storage has no 

effect on the vitamin C content of onions. 

Zepplin lnd Nlvehjen (85), found storage of vegetables 

in a refrigerator had a marked 	avourable eff t on the 

ion of Recorb*c acid. 

Ajisaka MUmata, Dohi and ubo (86) reported that In 

green leaves the vitamin C content greatly diminishes after 

3 weeks end may even completely disappear after 4.7 weeks of 

storage. On the othor hand, in tuber* and in fruit the  

ascorbic acid i cU preserved And is very largelyretained 

:.very after 7.1 weeks storsE;e• 

Berazovsayn (87) concluded that storage of potatoes 

19 daya at 0°giwos a 31 per cent higher tntion of vitamin 

C t nin similar vegetables stored 16 days t 10.150. 

Celery, cabbage, Chinese onions, radish, green turnips, red 

turnips nnd s. et potatoes lost 7z-93 per cent of their 

original ascorbic :Acid r.on ent immediately after harvest . 

Kung and Pane 1?-3ng (80). 



The onion to an old world pecte which has been 

cultivated for over 4,000 y,ors. It is said to have been 

oorshipped in JOgypt prior to the Christian era. Today the 

onion Is recoionised as most itoportant of the food plants in 

which. the food is stored in the bulb - 11111 (e9). There 

a ars to be little information in the literature r garding 

the nature ond content of their carbohydrates which are 

proL*bly the censtituunts of greatest potential significance. 

Bennett (go) determined the soluble sagors in the 

Ebenezer onion and found it to contain 64.26 per coat soluble 

footsore, 11.34 per cent reducing sugars and 52.B9 per cent non 

reducing sugars and that the ratio of the nen reducing sugars 

to the redlining sugars toe vaoloble in ohieh is influenced 

by cultural conditions 	 noth of storage and condition of 

storage. Sher 	(91) reported that onions appear to contain 

6 to 9 per cent sows (fresh weight) 

Bennett (90) lavestigated the nature of the redwing 

sugare in onions and rtportod that 69 per coat et the sugars 

present were of the ketose form and that the aldose and kttose 

.LOV40 were present in Shenszer onions in the ratio of about 

one to two, Purtheroore„ the bulk of the non reducing sugars 

was found to be -morose 	This fraction when hvAtTolyzed, 
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togethr with the (lacing suzars may yield a mixture whie h 

Ofenetitutes nearly 65 per cent of the dry matter, nearly all 

V which may be fermented, and which appears to be opproxl. 

aately two thirds d-fructoss. Srinivasan, Bhatin and 

eatynarayann (p2) iden tried the marbohylofAcs of onion as 

fructose, glucose, sucrose and fructosans. Sueveee : mottos° 

ratio varies from 0,1 to 2l. for diffelo-Int varieties d 

onions. The sucrose content of the bulb is greatest and 

the leaves lowest, at maturity. A rise in the general sugar 

content in the bulb is connected with an increase, both 

absolute and relative in the nmount of sucrose . PALI (M) 

and ()4), Bennett (05) studied the cheiical changes in the 

onion during normal growth. The reducing and non reducing 

sugars in the tops wore found to continuo to Lacronas until 

about th e 66th dny at which the nooks of the tape began to 

soften. From this point on the sugars ore transported to 

the bulb to the point of depletion, 0n 'the other hand, th 

reducing and non reducing sugars eontinu I to increase in 

the bulb throughout the growth. 

Since sugars are the chief sow ro of -narcy in 

respiration, this group of compounds should she the' effect 

of unfavourable conditions of storage. Bennett ()6) studied 

the effect of different storqle conditions on the sugar 

content of Ebenezer onions. The results shoved that the 



loss of total sugars varied from none to about 6 per cent 

and that the percentage loss was lowest for cold storage. 

The non reducing sugars decreased throughout the storage 

period of 344 months, while considerablct incrose in the 

reducing sugare occlrrod. The largest percentage of 

reducing sugars was found in cold storage. Foskett and 

Petersen (97) concluded that varieties end hybrids of onions 

having high percentage of dry matter had a. lessor tondenoy 

to sprout during ntorage. 

Unpin (93) found, after a great number of analyses 

covering a period at 8-9 montlls, the thv! total sugars and 

disaccharides content show from the start of storage to the 

middle of the storage a definite decrease and an increase 

thereafter. Per the nonosaccharides there is an increase 

free the beginning until the end W7 storage, and an increase 

of 43 per cent of the initial amount is reaahod at the and 

of the storage period. The course of changes in the content 

of dis coharides was generally equal to the Changes in the 

oontent of total sugars. The increase in the content of the 

olonosaccharidos is generally higher in cold storage. 

According to Yopur, Mathur and Sint" (9) the percentage 

of both sucrose and reducing sugars decreased daring the °ours 

of storage. The greatest decrease in the percentage of sUgaro 
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occurred at 46.50°F. The greater tbe percentage of rooting 

and Germination the greater tthe losses of sucrose and reducing 

sugars during storage. In store trials at 32°, C)°  and 50°F 

with controlled relative hasidity varying from 65 to 90 per 

cent . Wright, LNuritzen and r'hiteman (1(0) have sham that 

sprouting of onions is only slighlrinfluenced bl haaidity 

but rather definitnly by temperature. Aecording to 

PiRtenias, Jamison aad T!loapson (1(',1) 	covemtai lots ar 

onions have remained in perfect condition at 3.:.:52 F., ven 

when the relative humiAlty was as high a 94 per cent. 

Jones and Bias= (4) found that varleties or onions of 

relntively poor storage quality have the hi7test moisture 

content, whereas those that keop best in storage have the 

lowest molstur content. 



CHAPTig R 	Ix 

Dehydration, desiOcation or drying as applied to foods 

may be defined as the process of removing sarplus water 

nitheilt destruction of cellular 'Assues or impairment of 

en rgy voiles. Practically all foods except the ripe sods 

of cereals legumes and few other food plants contain a high 

percentage of water, and as a result have poor keeping 

qualiti-.3 unless ilonserred by special ans. The rapid, 

regalated drying of such roods gives product suitable for 

easy storape qnd transport. 

The general advantages of the dehydration of vegetables 

May be summarised as follows :- 

1. Possibility of utilizing much food now wasted owing 
of 

to low prices at time/production or difficulty of Aarketing; 

Dehydration pints can he 'emoted at ce,ntros of 

production and dehydration carried on while the food material 

is in prime condition; 

5. Saving cost of transport in dehydrated form due tc 

loss weight and bulk; 

27. 
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4 Increased keepiag quality; 

5, Nutritional values are conserved; 

6. go lose by crushing or spoilage; 

I. Saving in cold storage 'bargees • 

8. Saving in tonnage for overimai 'Shipment; 

9. Foods require only eoaking before eoc,kiag; 

• Sarplu of one season or lo/i4 made,  available 

at another tima or place. 

Onions are. deh drated as flakes and as powder. The 

paagency of the dried product is the most important factor 

deciding its qaality, as they are used commercially in 

flavoaring mat prodactss  maned soups, and othor food 

products, The vast amount of literature on this subject 

deals mainly with the effect of lehydration on the nutritive 

*lc*, with little information about its effect on the 

pungency of the onion. For most vegetablee, nlaaching is 

the chief step in preparation or drying. The onion is one 

of the few vegetables not to be blanched, as the blenched 

produnt is of little vela:Le as a flavouring material. (6,5). 

With this in view the present investigation was planned 

to study the effect of varying temperatures and air velocities 

during dehydration on the volatile sulphur content of the WAR% 
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Such conditions„ likely to affect tha ascorbic acid and 

sugar contents o the onion, ar$ also examined. 

Volatile sulphar, ascorbic, acid, and sugar cont2nt 

of %/1 lish, French and 1.gyptian varieties imported froa 

France and 2 	td th ,3hanges of these components during 

growth and ztorago az tudied. 

Tho arrangement of the text In as follows. In 

Chapter (I1,7) the offot nt various temperatures and air 

velocit 63 on the drying rate, volatile sulphar, ascorbic 

acid and sugar content in onions are stuflied. Ch2pter(V) 

shows the Okla/115es in tho volatile salOhar content of the 

different varieties oaring growth and storay. The changes 

in the ascorbic aeid and sagar oontents during groYth and 

3tGge 	hown in Chapters (TI) and (VII) 
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THL aEMYJRATION CF ONIONS  

The experiment was designed to study the erect of air 

velocity and temperatm'e en the (*hydration of onions. 

The dehydrators  designed in the lgboratory, was provided 

with an electric hestfx ndiustable to 1°C. or the study of 

the effect of the difftrent temperatures, it was necessary to 

use a wide range, between the maxima and t 	inium, so that 

the most favourable conditions for dehydnatinz onions could be 

observed* Tho temperatures used were a Minimum or 50°C and a 

maximum o.::* 75()C*  By' raising the temnerature 5°C b different 

tanwatnres were used rhieh were 50o 55
o 

60°  ' 	700  and 

75°0*  

'!be de rater had a forced air draught with q maximum 

sir waloeity of 1400 f.p.m., but the air velocity could be 

aostrolled to 0,11 a minimum of 400 f.p.m. The various far 

Velocities used in the axperiments were 40o*  65(,* 90O  1150 

and 140n f.Pipla• 

The onion variety used throughout the experiment was 

"Best of all. The thickness of .he slices was * and f:he 

304  
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tray load T/as * lb./sq.root which was applied t all the 

:trying e:t.periments. The only variations rier the tompe 

and the air velocit 

The effect of the air velocity and the temperature, on 

t;ha drying rate of the onion, was observed by weighing the 

trays every hour and the loss in weight was recorded. After 

the salee had been dried they were packed in well sealed 

bottles and used to study the aff3t:t of the V'7tng drying 

conditions on the volatile snlphur, =ascorbic° acid end sugar 

content of the onion. 

-111 !A ft 

TEMP A191RES Cf 

 

  

Table (2) Pig. 	Shove the effect of the different 

temperatures on the drying rate of the onions. Al. different 

temperatures rind any given air velocity it can be seen that 

the higher the temperature the shorter the time required for 

drying. 

Tho effect of the varying temperatures, at Any given 

air velocIty, can beet be presented by the percentage loss 

of the weight of the sample durips the periol of dehydration. 
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EFFECT OF VARIOUS TEMPERATURES ON 
THE DRYING RATE OF THE ONION. 
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At any given air velocity the loss in weight of then sample 

differed considerably according to tlw, tomperature ased• 

At an it  velocity of 14';',) fsp.m., and 7542' the sample lost 

67,6 per cant of its weight during the first hoar of drying, 

JUA147, per cent dariag the second hour, 32.4 per scat during 

the third and 1.9 per cent during the fourth, Reducing the 

tempernture, the loss in weight at the same air velocity 

decreased, and ths time required for drying increased 

s000rdiaglY 

It is importr4nt to note the effect of the various 
temperatures on the onion itself Alrin dehydration, The 

onion became very surct'ptible to heat damage near the end 
of ';,he drying period. At the earlier stages of dryinc, when 

the onion wns hig4 in moisture oont,3nt the effect of hefit 

wall much losq than in the later stages. Prom the experiments 

Ott t 	different 	peratures and its f.:Iffect on the onion, 

the tpera6uros oan be divided into t 	i72;1?oupat  according 

to their effect. Th itrit, ttchinclldes the high 

tempferatures or 7500  7r0  and 55°C and to second Group which 

tualudes tha low ones et, 55°  and 

The onions were very much affected b7 the high 

temperatures and otarrtng occurred at all high. temperatures 

and at all alr velootties. At 70)  and ?50C charring occured 
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earlier than at 65'C. a the high air velocitIes, 1400, 1150 

uid 90(I t,p,m. that offect was observed very much earlier 

tau at the lower air velo-itics 650 and 4W f.p.a. While 

charring st;irted after 2 hours at ?SC and 7c°C at 1400 f.p.ia. 

it started after 4 houreand 6 hours at 4C(.:; f.p.M. This 

indicates that the effect of the heat is very much greater 

aur.4ng the later staos '.:Lea the onions ',lave lost most •cf 

the moisture than at tht earlier stages tlenthe sample was 

high 5.4 aloisture content, 	Table (3) snwlavizes the effect 

of heat on the onion at the higher temperatures and diffarc,nt 

air velc,citiest  and shows the coour of the dried sample 

affected by the 4Lch illf.,:yeratures used. The higher the 

temperature the Greater the change or the,  colour 	the 41119,1 

product, It was clearly observed that the s51ples dried at 

75°C had a dnviger brovn colour than those dohptrated at 700  C 

and Ei5°C. 

The second ;7‘oup, which Includes t.e lower tempo aturos 

bad no visib14 effect on the onion and no oh trring occurred. 

When dohydration was carried out at any of these temperatures 

and at all air velocities, the colour of th final product 

was unchanged. Althou- using high temperatures reduced 

the time required for drying considerably, the final product 

was 'very much affaeted by the heat, which shows that drying 
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onions at such temperatures is not very successful. Usin 

the lower t4, mperatures, on the other hand, prolonged the 

tim required for drying. but the final samples were not 

affected which indicats that dehydrating the onion at 

550  and 500 was much more successful. Considering 

lower temperatures, it appears that dehydrating at 60°  

besides showing no damage to the onion has the advantage 

of a shorter (1r7in tine than dehydrating at temperatures 
o 55 and 500C. 

The results of the effect on the drying rate of the 

onions are shovin in table (2) and illustrated in Pig. (2). 

It can be soon that the greater the air velocity the more 

rapid the drying rate of the onion. The greater effect 

of the air valocItles can be noticed during the initial 

stages of dehydration when the sample contains a high 

moisture content. Near the end of the drying period the 

variation in the drying rate was not so great. The flowing 

air carries to the product the heat units required for 

vaporizing the moisture and removes the resulting molsture 

vapour. In the initial stag4s of drying, the surface of 

the product is moist and the transfer of moisture from the 
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tissue to the surface keeps pace with evaporation from the 

surface. Near the end of the drying period moisture 

diffusion is elm, laGoing far behind the nbility of the 

hot air to evaporate and remove the moisture. The rate d' 

reaoving the moisture, at various air ve1oeit tee at any 6Lan 

tomperatUre, is much wore pronounced than thnt of the vcriolls 

temperatures and gny tjvcn air velocity. By doubling the 

air velocity the drying period was appreciably reduced but 

not proportionrately because the rste of diffusion of moisture 

to the aux/hoe in the almost dried sample becomes an important 

factor, From the table and the curves it can be seen that 

onions dehydrated at 00°  and 400 f.p.m. needed eleven hours 

for arying, while onmplen dried at the- SRUC temperature and 

ftiv..,  foots. regaired eicht hours. 

In considering the combined effect of the varying 

temperatures nd air velocities it was noted that the 

higher the temperature and ir velocity, the shorter the 

time needed for dr,T1ng. Since the effect of higher 

temperatures and air velocities had a dnmating effect on 

th onion, it appears that dehydration et lower temperatures. 

and higher air velocities had tho sdVantages of not damaging 

the onions  and n reasonable- drying time. Onions dehydrated 

at 80°C and 1150 and 1400 f.p.m. required seven hour! for 
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drying ehtch is much shorter than dehydrAt 
	

d 5°0 

,Ath the same air velocities. 

THE 14Y-s.'ECT OF it ifinRATIOS 01 THIS VOAPILE  
strealul 	0111CIPS 

E U 	OT 	F FL1 iLPktATUR: 

The results for theJ volatile sulphur content of the 

different onion samples dehydrated Rt different temperatures 

are shown in Table (5). Fig. () illustrates the ..ffect of 

the various temperatures qad Rir volocities. From the table 

and the curves it can be seen that tho, temperatures bad 4 

varying effect on the volatile sulphur. Ail samples ahoed 

a considerable lo4s in their volatile sulphur content. 

Acoording t the effect of the tempe staree qnd the 

amount of volatil sulphur lot during dehydration, the 

various temperatures used can be divided into two groups., 

The first group 4hich, had the greater effect on the 

v 'atile sulphur includes the temperatures 50°, 700  and 75°C. 

The second group of temperatures at Which the onion 

samples showed lower losses in comvrison with the previous 

groep includes the temperatures 55°, *, 	,d 65°C. It is 

noticeable that the greatest losses occurred when deherating 

onions At E619, 70°  and 75°C. at all air velocitieei At 5C°C 
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the onionslost fron 	to 36.6 per vent of their volatile 

salphuo, at 7oPC the losses ranged from 22,5 to 37,5 per cent 

and, at 75°C thle losses were from 23.8 to 58.8 per cent. 

It is interesting to note that in this groat), the temperatures 

axe the lowed and hichost used. 

In the second group of to peraturee, onions lost rather 

a lover percentage of volatile sulphur than the previous Groap. 

The highest values for volatile eu1phux were obtained when 

dehydrating the onion at 600C. At all air velocities it is 

outstanding that at 8000 the lost losses occurred in the 

volatile na1ptxr content of the onion. At eloo f.P.z. the 

percentage loss was 28.8 per cent, at 050 f.p.m. n1.3 per cent,' 

at 300 f.p.m. 11.3 per cent, at 115( f.p.m. 15 per coot and et 
1400 f.p.m. 12.5 per cent. Dehydrating the onion at 55°  and 
.o 65 C showed higher losses ta the volatile sulphur content than 

those dehydrated at 80°C, bat mesh hii:hor values than onions 

dehydrated at 500, 7C°  and 7500, The pereentlo:o loss ranged 

from 13.8 to 32.5 per cent for onions deh drlted at 55°C nd 
from 1! -to 35 per onnt for those, dehydrated ot 05PC. It is 

obvious, however, that the most favourable temperature far 

dohydrating onions with the least possible loss in volatile 

sulphur content seems to be at 6000 which showed higher val' 

than the other temperatures used at all air velocities. 
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THE bre= OF riIi? VELOCITI6) 

Th,  results of volatile sulphur content of onions 

dehydrated at various !Air velocities are in table (5). Fran 

the results in the table and Fig. (3) it is noticeable that 

the air velocities had a eolleideraele effect on the volatile 

sulphur content. The Less in volatile sulphur differed 

remarkably aecording to the air velocity used in dehydrating 

the onion. It is epparent from Fig, (3) that the loner it 

velocities 400 and 650 fo.m4  had the greetest effect on the 

volatile sulphur while th 	rher ale velocities had n lesser 

effect. 

Using an air veloatt- of 40e f.p.me  for dehydration had 

the greatest effect on the volatile sulphur. At such an air 

velocity the percentaee loss ranged from 26.8 to 37.5 per cent. 

enions dehydrated at an air velocity of 650 t.pea. showed mach 

higher values for the volatile sulPhur than those dehydrated 

at 401 f.p.m. where the percentage lose ranged from el,e to 

58.8 per cent. 

Higher air velooltiee had lesa effect on the volatile 

sulphur content of the onion than the lower sir velocities. 

Raising the !Air velocity to 9C0 f.p.m. showed higher values 

for the voleti/e sulpher but with still. higher velocities 

(1150 and 1400 tepee.) the values decreased again. 
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In, other orde the loss in the volatile sulphur content of 

onions dehydrated at 900 firs.. and all temperatures was at 

a minim= where the percentage loss r‘tnged £r 	5 to 11.3 

per cent. 

Dehydrating at 1160 	snowed hi her losses than 

dehydrating at 900 and 1400 V.p.4, at all temperatures where 

the pereentag, loss ranged from 15 to 27.5 per cent. 

Dehydrating the onion at 1400 f.p.m. showed higher lessee 

than those at 90C f.P.m4,  but less than those at 1150 f.p.m. 

The percentage loss for maples dehydrated at 1400 f.p.m. 

was from 2,45.:_j to 12.5 per cent. 

From these reSalts it appears tbat using high air 

velocities in daVyeratlag onions wan most favourable in 

miaimir:ing 

 

the loss in volatile sulphur while efehydrcItiag 

at ,Ar velocities lower than 9CC f,peni. increased the losses 

considerably. 

	

li;OT 	 2.T,IQ'.YI014 	ON TKE VO!ATILs StJLPRU  

	

7?' 	etirarSt 
English, French and s.gyptian varieties were dehydrated 

et 60°C and 140 f.p.m. daring the two seasons or 1951 and 

19:5:1! and their volatile suleher content estiaated. 

Tha results for the season 1951 are summarized in 

table (6). It tri1ioate that all varieties lost a considerable 
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1:Erosh 

P.M• p.p.,. 

Cr*t 3. 	1C., 	460 
uthport 'e1Iow Globe 	1 	370 

P to Rite 	 9 	650 
st of All 	 568 	I 385 

!Kite Spanish 	 6 	' 475 
ant Zittaii 1 	 380 
ant Zitte.it 	 665 	53.0 
deordshire C2,67aap1on 	 640 

ed Zitta* 	 888 	800 
Dahneils Red Glob 	615 	410 
ambridge 3.t 	 630 	530 
lieu rai. 	 1007 	550 

donerch 	 614 	465  

Amount lost 
during itsytas 

ent 

	

150 
	

24.6 

	

331. 	47.3 

	

69 
	

9.6 

	

1/3 
	

1 .1 

	

291 
	

36.1 

	

363 
	

48.9 

	

355 
	

41.1 

	

150 
	

2.9.1 
22.9 
33.4 

	

300 
	

36.1 

	

547 
	

45.4 

	

149 
	

24.3 

n 

510 	310 	4241 
550 	367 	40.1 
410 	239 	36.8 
570 	208 	33.6 
5,:i0 	t 	42 	7,0 

590  
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smoun, of t - 	volatile sulphur 	the process of 

dehydration, It was noticed that when sow varlet:les lost 

7 per cent of their volatile sulphur others lost as such as 

47.Z per cent. 

All the varieti' listed in Table (7) were ksroun in 

Harlington during the season 1952. From the table, it can 

be seen that all the varieties showed a loss in their volatile 

sulphur which was between 9.2 and 54.5 per cent. 

Pr os the results obtained in 3.951 and 1952 it is 

evident that drying affected the volatile sal .ur content 

of the onion*  seine vs..:'1.4zties los* almost half their volatile 

sullftur content. It is also obvios4 thi.lt the loss In the 

volatile sulpilqr , of the different varieties, during the 

prooew3 o dehydration in the tvcc seascns vas not consistent. 

Stephenson (5) :'ported thAf,t, flavo!Ir formation in onions 

s:d garlic is an enzymic reaction. Cavalitio, Bally and 

Bucks (5(:) prepared RA odourless nnd taatelese powdered garlic 

by destroying the enzyme befor3 any cleavage of the precursor 

could occur.tophonon (5) stated that the enzyme and 

prsoursor 1173 N,re sftgarate in the onion bulb or garlic 

alove. 

when the onion bulb is sliced there IS s rupturing of 

cells only at the cut surface. The lacttryrustor end sulphur 
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bearing flatouring oeMpeen4S are foraod br o leavage of tho 

precursor by tho enzyme. Accordingly there is a loss in the 

volatile sulphur content at this stage in preparing the 

onion for dehydration. Then entering th 	ydrater the 

loss in volatile Ilphur eca to continue. It is most 

likely that at th1 	the greatest amount of volatile. 

sulphur is lost. 	As quoted bj Stephenson (5), unpublished 

work of Haagen.Smith and his oo.workers sho7ed that most or 

the oils isolated from onions have very low pressure under 

conditions of dehydratiou. In faet, in the oarlisr stages 

of dehyration the distinct aroma -f onions was very notice. 

able, while in the later stages no aroma W8.3 detectable. 

iince the onion slioes, in the earlier stages, still contain 

a hish moisture content, it seems that the an7z7le veaction 

ooattnued until the samples reached the point wherost tr 

the moisture had evaporated. At such a point, the loss in 

volatile sulphur is likely to be ut a minimum. owing to the 

unfavourable conditions which stop the enzyme roaotion, 

Tb. resalta in table (5) shows that the gre4test loos in 

vo1ati1e 	- content occurred at the lover teaperatar* sad 

air velocities, At 5(0C .iid 40() f.p.m, the percentage lees 

was 36.6 per cert. 	t each temperature and air velocity, 

longer ttme. was needed for drying tha onion owing to the slam 

rate of drying. Under these conditions it seems that the 
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enzyme reaction continued until most of the moisture had 

evaporated. On the other hand, raising the air velocity 

to 650 f.p.m. at the same temperature gave higher remelts 

then at 400 f.p.m., where the percentage loss was 32,5 per 

tPrIt. At higher mir velocities it can be seen that the 

loss in volatile sulphur was Laeh less than nt 650 and 

"PC f.p.m. Dehydrating the onion at 900, 1150 and 1401) 

f.p.m. and the same temperature, the percentage loss was 25, 

27,5, and 26,3 per cent respectively. Raising the. air 

velocity, at any given temperature, accelerated the drying 

rate and shortened the time needed for drying. Accordingly, 

that stage at which the enzyme became.  Ovement was reached 

mach earlier than when dehydratin at low air velocities 

and the same temperatures. 

Raising the temporatare fro 5cC to 55oC all samples 

show d higher values for volatile ulphar. The highest values 

were recorded for samples dehydrated et 60°0 and all air 

velocities. Dehydrating onions at temperatures higher than 

60°C gave mach lower values for the volatile sulphur. It 

seems that raising the temperature above 600C. has a damaging 

effect on the enzyme. From the table, samples dehydrated at 

65°C 

 

vu much lower results than those at 3000„ raisinee the 'A :1 

 

temperature further, to 70° and 75°C., the onions lost much 



more volaeile sulphur than those dried at 610i7!. Considering 

the effect of the hieher temperetures, on the volatile 'sulphur 

content of the onion at 1,if..erent air velecitioe, it on be 

seen, PtWA the table, that samples deh. lrated at dele  650 

e. 	an1. at 65°, 700  and 750C showed the lowest value for 

volatile a bur' At hie her air velocities, with the eeme 

temperature, the pereentaee 109e e sruoh leas than samples 

dehydrated at lower air velocities. While the pereentsee loss, 

th volatile eulphur, for samples dehydrated at 650C and 

4on f'pee. was 55 per cent, it was 20 per oent for those 

dehytIratelet the same temperature eTed 14a? f.e.m. It is 

obvious, however, that onions dehlrated at 630  and Ono 

were subjected to the h.ueh temperetures lerree th=r1 tense 

dehyarated at the same temperatures and hiehcr air velooitife• 

ire prelonFed dehydrated at high temperatures, end raisin, 

the temperetures higher than 60° increased the lose in volatile 

sulphur, it ie likely that each temperattreee destroyed the 

enzyme 	The destruction of the enzyme 17y. hieh temperotures 

is supported by this fact that onions cinnot be succeenfully 

binnahed. fl*nbtn, once almost universolly practised in 

the ehydration f vesstablost  is intended to destroy the very 

enzree upon whir+ the flavour formetn In onione depends' 
a 

Stephenson (5) reported that blanched dehyrated onion is of 

little value as a --lavouring material. 



Furthermore onthz cannot be sulphited for the s-mc 

on, sine this chemical inhibits the vital enzyme activity* 

3ulphitnr„ can reduoe the resulting flavour of the dried 

onion, to one third of the potency of an unsulohited control. 

StsohPnson (5). 

port 
	

the enzyme theory o rlavour formation In 

orlon, lavallito, 'alty (51) Isolated .7rom garlic an oily 

substanee which they named Allicin, whioh possesses the 

typical odour of arlic, 	tollr Ieeheck (53,54,65) 

synthesized Allioin, and wore able to isolEte 	sulphur 

contain, Nit odourless oompound which they called Alllin. 

nn troatmont with the specific enzyme Alliinase also 

founl In carlic, Allicinid000mposes into f.Llii“ln• 

rrom the gene#al troni of all the experiments which 

showed that the lowest peroentace to occurred at 60°0 at 
air 

ell tin yelcities, .it appears that this specific temperature 

no dama7ing effect on the enzyme. nehydrsting the onion, 

at such r t 72peratac and hisber air velocities, seems to be 

the most favoable condition at which t dehydratel onion 

showed the host valuet' for volatile sulphnr* 

Since 60°C seemrl, to hnve no damaging effect on the 

enzyme, it is otvious„ that employing hiEher air velocities, 

oan biting the onion to a stage at wlqch thR enzimic reaction 

can 	. quickly than at lover 6ir velocities* 



TIM 	O 	ON 	ASC.,RBIO  

gptTRUIT 0," E ONION 

'PrT FrvrooT Or' ITITtlriVkT"r7,7; 

The ascorbie aci0 ,7- ontent o onion 	ilon johylrato0 

at var!.ous temperctures vas determined and the resuls are 

shown in Table (0). rig. (4) illustrates the effect of the 

varying temperatures on the ascorbic acid content. 

rrom the results old the L;eneral trend of the tirves 
th..t 

it pan be secni,!1eat ha.,% a destructive effect NI tho ascorbic 

actl, it is important to not that at all teraperctures the 

onions lost a considerable anount of their escorAc acid 

content. 	The difference in e'Mect between the various 

temneratures is the amount 0•T  loss ofaurrIn uring 

The results elow that thc. lowest percentage of loss 

in the asqrbic sett content occurred in samples dehylratel 

at Go0C and at all air velocities. This lose ran 	from 

34.5 to 594 per cent. 

1.,yhydration nt lower temperatures than 60.0 Or higher 

all Gave lower riults, indicating higher loeaee. The leper 

temperatures need were 500  and 5500.. the higher ones (5e, 

700, and 7500. Dehydratinc at 507: showed a percentage los 

50 
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from 43.4 to 62.2 per cent and at 55°0 the loses ranged from 

.40.8 to 63.4 per cent accordirvL to the air velocity used. 

Onions dehydrated at 62°C showed greater losses of 37 to 
0 

63.6 per cent which io greater than those dehydrated at 600. 

At even higher temperatures 70 and 7500., as can be seen, 

the loss of ascorbic acid was greater and ranged from 44.6 to 

6 j.1 per cent for eam3les dehydrated at 7000. and 46.7 to 

per cent for those at, 7500. 

CompeLring the effect of the lower temperetures 50 

and 5500. with the higher onesffio„ 700  and 75°C. it is 

noticeable frem the results in Table (8) that the latter 

temperatures had a greater destructive effect on the ascorbic 

acid than the former. 

THi EPFECT OF AIR VET,00ITI$* 

The ascorbic acid content of onions dehydrated at 

various air velocities are in Table (8) and illustrated in 

rig. (4). 

Since all th dehydrated onions showed P considerable 

loss in the escorbic acid at all air velocities, it is 

noticeable that the percentage loss differed according to 

the *lr velocity at which the onion was dehydrated. samples 



dehydrated at 5r°  and 400 f,p.m. lost 47.3 per cent while 

samples dehydrated at the same temperature and 14r,o 

inst 52.2 per Cent. 

The cenerel trend of the curves shows that the 

c:reatest 1(y7s In ascorbic acid "Incurred in sanples 

dehydrated at the maximum air velocity 14no f.p,n, and at 

all temperatures when the percentage losses were 62,2 at 

5n0t1., 63.4% at 550C., 53,4g at 6000, 63.6% at 550C, 50.1% 

at 'icy,. and 72.3 at 740. 

Dehydrating at 115r ;Awl, gave mueh hirther values 

for aScorbie lend than those dehydrated at 11,600 

and lower than those dehydrated at 300, 85o and 400 f.p.m. 

Tie loss for onions dehydrated at 1150 f.p.m. was 50.7, 

46 	42.8, 40.7, 52.3 per cent for the temperatures 500, 

550, 5000  650, 70°  and 750C respectively, 

It can he noticed from the curves that dehydration, 

at lower air velocities had a less destructive effect on 

the accorbi acid content than dehydration at 1160 and 

140o fap.m. 

Onions dehydrated at 400 f.pom• and 5rliv! 1(yt 

47.0 L)2,  cent o.L their ascorbic acid while those dehydrated 

at the. e temperature cnd 650 and 90 r.p.m. lost 43.5 

and 44.2 per cent. On the other hand samples dried at 500C. 

and 404) f.n4m. lost 34.5 per cent while those lehvdrated 



at 65C and OO lnst 40.6 and 39.6 per cent repeetive1y. 

At 65ce the percentage ioss was 37 per cent at ii/ln 

42.6 at 660 f.p.m. and! 46.1 at 900 fip.m. 

3UrPris1nely $'n p1 dehydrated at 700  and 750  

4nn f.p.m. showea 	(Teeter losses of ala and 50.5 
per cent than those dehydrated at the same temperntures 

a2 6m and O f.p.m. where tho persente loss was 

44.6 and 47.5., 46.7 and 	respectively. 

"' OF  AO 0 OPTINT 

OFYARIpU3 YOIETIR5 QV OSION4 

Duriik the season. 1951 nineteen ?ties were 

dchylratel aml, their ascorbic acid estimated. 

The restate are presented in Table (9) ommpared 

with that 	the rash eanplee. It can be seen that a, 

considerable amount of apoorTAc acid was lnst durinc 

dehydration. The losses 7.)etween the varieties ranged 

from 2C.5 to6';'). 	per oant. 

The same experiment was repevAt 	lurin„ the 

season 1950 on different varieties all Town at Raninsten 

and the results Isre shown in Table (10). It is obvious 

from the Table that 611 the varioties lost a great dell 

of their ascorbic acid duri dehydration. The 10 -ea 

ranged from 20.81 to 67.1 per (tent, 



A 	 Ac  
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T A f: t E (9,) Lf-tr1.7,17I. Oto SYLIFYTYRATION ONA O1krrt ACID (IQ, Turn,  

DIFFT,RIAT VIDILTIES OF ONIONS, 49511 

Alisa Craig (1) 
Southport Yellow 
010):0 72.69 

np to Date 35.57 
Best of All 5r.54 
Wh/te Spenleh 47.76 
Giant ZtttOr (11 50,64 
Giant Zitt* ( 47.04 
BO ford shire Ihnutpion 841).32 
Rem 7 ittati 68.00 
Dahniels Red Globe C.  6l 
tlaribricize 10 67.71 
Aliso. orate (2) 82.41 
Tfrinaroh 

ronoh 

616 

51.08 
Rowe -:onse 08.46 
St. richel 56.48 
des Ve lotus 61.48 
LS.souro 97.24 

rzypiall varlet, 

1.za 0 

32.50 
24,03 
42.90 
31.30 
46,30 

.38 
43 

.58 
, 58 

50.94 

36.2  
64.0 
24.1 
48.3 
52.4 

60.43 
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The restate oLtaired ¶Ln 1::,oth years a urae falrly well 

thowns stmilar losses o' ascorbic acid. 

The thickness of the -,lies nal the tray loads were 

eenetant. the only variables were the tomponeture end silo 

velocities. 	It is these two Nctors Which affected the 

ascorbic ecidcoatemt of the oninn during dehydration. 

Ascorbic acid Is sensitive tom tainspheric oxidation. 

Since dehydration was carrie[l out b the uee of heat and 

air, it is obvious, that exposing the slices of the •n104 

to the hot air, is th,. mjor faster in the loss of aseorbie 

acid during dehydraticn. 	The oxidkItion of ascorbic acid 

in Vegetable tissues nay be catalysed. br arloorbie acid 

c7=ilese (Tauber anll Kleiner (102); Kerteoz, Dearborn, and 

Mack (103); Stone (104). It woe reported by Cruess aro 

oalyn (6) that heating during dehydration is #urficient to 

inactivate ascorbic acid oxidase. Stone (in4) wan unable 

to rtnd asoorbic acid oxidase in onion. In usIng the 

various t, 	retures and air velocities th4 071.3etion 

thc asoorlAs acid in the exposed rlices occurred throughout 

tile whole operation unil the dried samples were peeked. 

The loos in ascorbic10. started elmultaneously with t 

peeling and alicirk o the onion. When the sample reaches 

the dehydrat6 the cradation grows faster o Ing to the hot 

draught of air enterinc t lohydrcter. Pram the resrlts 
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It eau te seen that 	piss dehydrated at 500 	55°X 

and el, air velocities ,7,,,ave lower values than th 	dehydrated 

at 601" and the came a:r velocities, 	Since raisinc the 

temperature reduced the tim 	uired for dehylrctIon, 
required 4 Longer time efith those cityrated oa—Nt 

samples dehydrated et 5000kytilc sample dehydrated at Ono 

required much shorter time thvn dehydrating at the previous 

tomperaturee. 	Consequently simples dehydrated at lower 

tee 	50° and 5500 were exposed, to the atmospheric 

o7nen much longer thrn those deyrimted at 0o0C, Since 

ascorbic acid is very eensitive to atmospheric oxidation end 

dehydration at Soo arid 5500 required mue longer time than 

dehydration at 6(1°C 	it is obvioux thr.i the lomol in ascorbic 

Reid owing to grAdation, scs much r7reater for samples 

dohydr-,ted at the lower temperatures than those at 60°C. . 

Tee results are in agreement with those of aruese and 

Mackinney (3) who stated that a shorter dryinctime, at 1500 

to 160°F, is loss destructive to vitaim 0, than a loner period 

at 191P. 

Raisine the temperature to 65° the curve for the 

ascorbic acid dog_ d, Y.e time required ror lehyfl.ration 

at 660( was shorter than that required for dehylration st e0C, 

Accordingly the destruction of the asc-rbis acid by atmospheric 

oxidation was lea at &iOO. than at 600, This init.s that 



besides the loss of astor 	acid by oxidation -at 650  there 

seems to he a further dostruction of the ascorbie acid by the 

hirher temperature. The effect of the high temperatures can 

he further noAeod when raising the temperatures to 700  and 

7 C. 	It an be aeon ±oi Tel 	(4) that the pereenta70 

loss in Ascorbic acid at higer temperatures were much greater 

than the lower ones 5r,°  and 550, although the time required 

for :',.ring at hick temperatures we -Jixch shorter than that 

at lower tectporatures. The pertenteee lose In ameorbio acid 

for samples dehydratt at 5rt0  and 5500. ranged from 43,4 to 

62.2 per cent and 40.8 to 63.4 per cent- respectively, While 

the range for thost dohylmted at 700  and 7500 was from 4446 

to- 664 per cent and 46.7 to 72.3 per cent. 

The lo 8n in ascorbic acid content of the onin with 

the variation of the air voloolties, appears to be greeter at 

higher air velocities than MY: lower ones. 

7'rm the Table it can be seen that the most 

dentructive oenditions for ascor7At acid occurred with samples 

dehydrated at en alr velocity 011,4110 f ,p.m. At such an air 

velocity the lo,;- of ascorbic etid ranged from 62.2 to 72.3 

Per cont. Dehydration at 10150 f.p.m. showed a leas 

destructive effect on the esterbic acid than dehydration 
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et 1400 fo.m. where the percentaze lvse ranged 'ram 42.8 

to 52.3%. At mmh lower sir velocities, SN1, 650 and 400 
f,pin, onions showed hiher values for the ascorbic acid than 

those dehydrated at hIgher sir velocities. 	Dutcher WO 
recommends rapV dryirc at relatively hif4hctemperatures. 

Me reported, "TI plant tissues are dried rapidly at relatively 

high temperatures to anaure the inactivity of enzymes, it is 
fog 	that vitamln A and 0 are preserved much more effeiently 

than when the drying process is conductei over lolver periods 

at lovertemperatures. If it Is possible to eliminate 

atmesp'neric oxygen the amount of the orijnal vitamin preserved 

will be greeter". Chace (1e5) found that; a bet17,er vitamin 

retention in hot rapid drying than a Sleirer Sooler operation. 

The 	b:1116d effect of the temperatures and sir 

veloctty on the ascorbic acid, on be seen from the table, 

the minimum loss occurred in samples dehydrated at 00 f.p.m. 

and 60°f7. It is also neeibeable, that the loss in ascorbic 

acid. durne; dohydrat5,0n iffered according to the tree 

and air velocities used. The higher air velocities and 

temperature had the no destrultive effect, while /ewer air 

volccit, les and 61°C sceroo be the most "avourable conditions 

in preservins ascorbic acid durinc dehyel.ration. 



Tee !.....e:Ieeee? thI*7'ON ON 

411SEM2LEUEJAIN 

The swear centane of onions dchydratee at varioue 

temperaturee ard air velooitiee are shown in Table 11). 

When memperitee the sugar content of the dehydrated onthn with 

freah onion having a sugar content of 61.7 per cent reducing 

sueare, 18.8 reducine ard 51.5 per cent total eugare„ it con 

be noticed that varyine eonettlove of dehydration influenced 

the ewer eontent. 

The cooditons under whicee tle inlon was dehyeratee 

can. be divided into two eroe. The first trope iv:amens 

the high teaperaturee of 660, 70 end 76°O• The aeoone croep 

ineludee the lover temperatures of 600, 50, and 50°C., 7r0m 

the table the first grOup of tempereturee ehowed a noticeable 

efreot on the reducing lacers at all air velooltiees 

eemparing the effect of these temperaterem on tbe redueing 

sneer content, it an be eeen that the dehydretien et 70°  and 

7500 and all elr velocities, showed lower velee than those 

dehydretee et 65°10. rake lomat values of 26.3 end 26.6 per 

oett,for t redueing (elver!, occurred. n samples dehydrated at 

WO and 7500. ane 1,4e0 f.p.m. respectieoly. loeueene the 

air velooity to 1,15e elle SOO f.p.m. the reduclk, sUjIrs 

showed higher values of 28.5 and 28,2 per cent at the sena 



44.11...miraera 

Reducing Sugars 
Non...Reducing Sugars 
Total Sumrs 

31.0 
18.9 

,.0 49.9 

A.2 31.1 
19.2 19.2 
50.4 50 .3 

31.0 
18.8 
49.8 

5') 

A 	3 (11)  SUGAR CONTaiT OF ONIONS DIMIRATED A  

VARIOUS Tii,leiNATURBS AND )'11R vapcinss  

62 . 

Reducing Sugars 
Non-Reducing su 
Total Sugars  

4 

cen 

29,5 
18.5 
484  

per pier 
cent eat 

Al .7 ..B.2 
19.0 19.2 
47.7 47.7  

per 
cent, 

26.6' 1  
18.5 
45 *1 

COn 

26.3 
18.7 
45.' 

28 .5 
18.9 
47.4 

Reducing Sugars 	29.5 29.3 28.8 
Non-Reducing Surf 18.5 18.9 19.0 
Total Sugars 	40.0 48.2 4'7.8 

8.411511. 

;50 .8 
1S.8 18.9 
40.0 49.1 

3: .3 
17.9 
48.2 

,,,r 
1.,t.',1 18.6 18.5 

Fir , 1 	9.1 

1C1 

31.8 
19.0 

.8 18.8 
41 	50.0 

30.1 
18 *) 

31 sc 
18 
49 .2 

60 .5 
19.5 
30.0 

Reducing Sugars 
len-Reducing Sacars 
Total Sugars 

ducing Sugars 
Ilea-Reducing Suga 
Total Sugars 

educing Surs 
Non-Reducing Sugars 
Total Sugars 

.....60•00.1000110001000.02•0,  
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tomperataresthan those samples dehydrated at 1400 f.p.m. 

LowerinG the air velocity 5ti/1 further to 65n and 400 f.P.m.,  
higher values for the reducing carers wore 1,7tainel. At 70 

and. 750C. and 650 fep.m. the reducing, sugars content of 

onion were 29:3 and 29.4 respectively while at 4'v f.p.ms, 

aryl the same temperatures, the values were 20 4,5 per cent. 

It nan be sirten f'rom the Table that dehylratlon at 850 h a 

lesser ef7;ect on the reducint sugar content than thet of 

700 and WPC. The vDlues for the rdutiu1 suos.s contmt 

or onions dehydrated et 654 were 30.1 to 30.8 at ell nir 

vqocities. 

In conslderlmg the seeond group of t mperrtures which 

includes the lower ones, it is noticeable from the t hie 

,A.Ist there was no cons1rable differentle between the 

reducing sur:ars of the dehydrated anvi the fresh Onions 

The non-reduoing sudazss seems to be not aVected by 

the process of dehydration, since the results show thc't no 

appreciable differenoe occurred to the non-reilusim;.  sucars 

at the varlous temperatures and air velocities. The effect 

of the various temperatures and air velocities on the 

total sw:',1rs can only he seen whenever the reducing suers 

are afectele it is cmious, however, that higher tempera-

tures had an efr:ect on VI) total aw.:ars of the onion. 
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Durine the aeason 1351, different varieties of 

niormo ineludinc Englishe  French and Egyptian varieties were 

dehydrated and their ewer content estimated. The results 

of the dehydrote:1  varietieein comparison with those of the 

fresh are shown In Table (12). Comparing the auger eontent 

of the dehydrated samples eith those of the fresh it wen 

toun that there w no significant difference between the 

two. Furthermore there eau no significant difference bete en 

the rejanine and the noneredueing surare of the deh dotted 

elle the fresh. 

The experiment was repeated r 	the season 1952 

on English, Prenoh mid Egyptian varieties grown at Harlington' 

The resultitre 	n in Table (13) for the fresh and 

dehydrated salples. Tee total sugars, the non-reduoing 

sagare and the reduoinp suearse  Showed no stenificant 

difference from theme of t!' fresh semples which eonfirms 

the results obtained during the Season 'eel, The Onien is 

One of the veeetables which are not blanohod beeeee 

dehydration, aceerdingly, no losses in the sugar content 

could occur/ in preparing the onions for dehydratIon. T7,0 

losses in te. euear content one only be due to the varyine 

temperatures anl air velocities used for-dAehedration. Te in: 

high teop;raturer for dehydration ha( a damsel/le eeeleet ere 
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CO.'eT OF u Au!,1 VAPt ONIONS 

41,1ar 41-"+". " 	16, 	 - 	 • 

FRS}I 43140 
Vet sty Non 	ota1 ffeddc. Ion Reis 

dactna agare ing 	paolals 
Swars. sugars 31.9231,re  
per per per per 
keent tcent 	it oent 

Alias C 
Southpo 

Globe 
p to Date 

Seat of All 
White Spanish 
Giant Zi ttail 1 
Giant 7,ittati 
Bedfordshlri) Ch7r4p4.. 
Red 7ittati 
Dahneils Red Globe 
Cambridge 1.0 
Aliaa Craig 
Monarch 

nano vARIWIES  

Moulhouse 
Rouge Fonoe 
Saint .liehel 
Mime Wall des 

Vert us 
seure  

85.Zi 	54.1 	85,4-1  30 .2 54,3 

44.1 	• 29.,. 44.1 
37.6 51.2 14.;-:7.0 
15.7 41.2 25.9 15.3 
35.1 61.0 23.6 ;57.4 
42,5 6 .6 22.8 41.1 
37.6 60.f3 24.6 35.7 
40.2 57.9 19.0 39.0 
26.9 54.4 24.0 30.5 
35.3 53.2 16.0 37.7 
31.6 57.9 22.4 35.5 
20,7 58.0 33.6 24.4 
;52 .2 	49.Ei 	23.1 	26.5 

51.5 20.9 30.5 51.0 20.5 30.5 
56.8 24.7 32,1 53.9 24.1 29.6 
66.8 30.2 36.6 66.9 27.6 39.3 

58.9 30.7 28.]. 57.3 28.2 29,1 
48.0 40.0 8.0 48.9 39.9 9 

6.1 
60.1 
51.0 
56.4 
56.6 
54.42 
53.2 

2t55,, 

74 .4 11,', 
5 1 .3 5.7 

24.2 
64./ 21.6 

24.5 
20,0 
24,2 
21.1 
26.1 
33,8 
23..: 

.9 68.0  17.2  66 ,3 
14.0141410911.0.......IP .4.MM 



?iCT OF ILflY[AL'IOI ON T " SUGkR 
DIFFNIR :IV' VA --NIBS 
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r-A A..2 	1. 4 

0 

91 	14; 

o 	,e 
due ing 
Sugars 

ota .4 

4 
• 4% a 

per 
Gent 

Per cent, nt 

St. Itiettel 20 41.7 58 .f3 • 8 
Lee Vert us 62.1 2;:),E 38.3 60.4 26.5 34.9 
Rose enrols 59.8 .s? 48.9 59.5 6.3 53.2 
Moalheuee (ronde) 314 3.7.4 44.4 60 .6 15.1 45.5 
Rouge ranee 64.4 11.5 52.9 64,'7 3.3.9 50.8 
Rouge Ifiert 56,? 25 1.5 83 .0 30 V .9 
Leseare 
kloalhoune 

Or, 
t34 

52 .1 
3.9.9 

8.1 
44 .8 

61.1 
,0 

49 .2 
18.9 

11.9 
44 .1 

Giza 6 61.6 :21.3 40.3 61 20 40.9 
Pr izet ker 58.5 45.9 59 .8 17.3. 42.1 
DSn1tT 56.2 22 34.3. 58,2 25.3 32.9 
Best of All 61.8 14.2 47 .5 62.9 13,4 49.5 

54.9:  22 ,9 32.0 56.9 21.4 35.5 Giant 7.it te
Vtlkine

lt 
.1 

lOthi.bit 
59 
57. 

24 .7 
24.8 

34., 60.3 
5'1 .9 

22.4 
24 

37.7 
33.0. 



charr re 
	eirred W: 

	 seme/es dehydrated at se 'h, 

tempt- ratures end 
	

vel 	es. 	Dehydratine et non 

WO a .lore C maeine effeot on on'ons than that of 7000. 

erom the results it eon be seen that the redUeine eueare 

acre affected only when the onions were dehydrated at 

sunh high temperatures. 	It is interesting to note that 

the degree on nherrlee se ±s to ee in ac'ordanee with ,he 

effect on the reeueine s 	The Table shove that onions 

dehydrate at 700  and 76 	are 1400 t.p.n. had the lowest 

vauee ror the reduo 	re of 26.3 and 26.5 respectively. 

At these purticular teem ra res and air veloeity charring 

wee meet/ more pronot naall than at the same eemperstures and 

le r air veloeitieff. 	Dehydration 
	

the same temperature 

and lower air velocIt'es showed tr i er results for the 

redaeine mazer. than those dehydrated at 14,10 f.P.e. Thin 

be seen from the Table where the results Der the red it 

su are; were 2B.5 and 28.2 per cent for teemples dehydrated at 

1Vt foon., 26.8 and 2R.7 per cent for those dehydrated at 

Sev) f*p me 20.3 and 29.4 fer 650 f.p.m. and 2).5 ear cent 

for eee 

The effect of the temperetures :;an be cl Atrly 

re 	se when dehydratinG at 650e. :t such a temperature 

the 	rine sw13,711 were not affected as Mai as 'he? 
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dehydrating at 7o°  an0 750('!. Onion dehydrated at 650  showed 

higher values for the reducing suors of 5o,1 to 30. per cent, 

than those at rin and 75°0. The effect of such a temperature on 

the onion was not so damaging as that of the higher temperatures 

A1thou41 chnrrinc ocurred„ the dehydrate onions hoe  a much 

lighter colour t:,,an those dehydrated at 700  and 750C. 

When dehydratIon was carried out at even lower 

temperatures of Go°, 550  and 500C., it .1a.n tr, seen from the 

Table that no appreciable difference between the d _el and the 

fresh ocurreTi in the reducin 

The Aohydration of vartou—. v riettes of onions in 

the secons 1951 and 1952 at 6o0C, and 1410 fip.m. ehowe,2 that 

no significant difference occurred to the su7ar content of the 

oniln. 	This supports the above results, that sugars were 

not affected by dehydration, at toaperetures not elleeedinc 60°C. 

It is Important to note that no charr 	occurred to the 

onions Ichydrated at 60
0 

55 area sn c. 
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FRLD EgFRIVENTI  

DUring 1951 a lerge number of varieties of mature 

onion were purchasecl for thp purpose of stwlying their 

constituents, keeping quality and the effect of dehydration. 

Thirtoon 132.1g1is varieties were boujlt from different firms, 

five French varieties end eleven seed samples of diferent 

varieties were impT7tod from 'Trance, and an Ecoyptian variety 

and a sample of its seeds were 	rted from the Pgyptian 

Uinistry of 1griou1t1 re in Cairo. 

It ha been intended to study the tlonstituents of the 

onion during growth but the crop crown at fiarlington 71eld 

Station for that purpoeo failed owing to a prolonged drou-ht. 

So this pqrt of the wor ha41  to e postponed to the 

Sea on. 

Diurin7 the Season 1Y-2, six Nnaish, eirtht Trench and 

the rgyptian varieties were sown in Herl ncton or. the 26th 

Yarch 12, AlthouGh all the varieJes were crown ln the 

some sea, the English varieties were poor while the "reneh 

and the Egyptian varetiev. were ver7 suocessful. no the study 

of the constituents of the onion during different stages of 

naturity was earri&I' out on the l'reneh ,nnA the Egyptian varieties 

only. 
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Samples were taken every three weekostart inc fryJune  

when the Pln to started forming be. 

A representative sample of not less than 15n plcnts 

was taken prom each variety on the first and second detes 

of sampling. Torards the maturity of the crop samples 

contained from 80 to OD plants. All samples were taken to 

the laboratory where analysis was oarrie ouiroeriiatelys 

When the drop was harvested the !lulbe were spread 

in a shee on wooden shelvoe are 'amples wore taen within 

two weeks. 

For the storage eporiment, the bulb were stored 

on roolen shelves under or(!int- 	OThitt UMW and samples 

were ten monthly :Aartin on the 15th October, 1052. 

It is 	rtant to no e that although the Egyptian 

veriety grew well at Uarlinuton, the bulbs were mulh smaller 

oom,earel with the bulbs of the mane variety imported in 

1051 from EL7pt 3o, qlere were not enoeeh Egyptian onions 

Per the stornep erporiments; this s also the cage with 

the Enjish var 

PIM 4 
	r,frE 7.LPT-:3 

The ploitet4re  

The ::reen tops were removed at the ,lunctUre of the 

.7 n end white portions of the stem. The roots were 
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removed en4 edhcrInt, U partiolr's were rubbel off with 

a dry cloth. 

0". 
4. The ire onions. 

The outer dry 10 von 'were removoi.:1, eire beni3 

taken not to remove any of the inner tissues. The residue 

t4o c!ry roots yes out 01T. 
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Brvox oil VO4ATILY4 SUM' 	vt TS IN 

0o 

tho OAR  41940134* 

no method developed by "Currier" (49) an used in 

determining the volatile Sulphur content in onions. This 

method, involving the so-called Cflrots reaction, is based 

On he reaction between p.aninodimethylaniline hydrochloride 

4nd H25 in the presence of ferric =Ionian sulphate to 

methylene blue. 

Res 42042  

1. 	p. keinodinet 	monohydr 	de: 0.5 grim 

ewe dieSolved in 200 ml of water containin 	of concen. 

Crated 1112804. 45 ml. of' additional H2 	ddo d with 

cool inz and the solution dtlut t d to 1 1 	• 
2. BAste aluminium acetate: 5 per cent suspon ton in water 

3. V rrie ammonium su 	to: 12,5 per cent in ;.5 per cent 

by volane N2304   (113 grams 	(s04)3  (1414)2 s  2 H20 per 

500 ml of Isolation) 

4, 	SaillhOric aoi.d solution: 50 ml„ of 	n 	d acid 

dillted to one titre.  
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5, Sed'am sulphide standard: 0.1975 gram Na2S gffoo made 

to one litre with water recently boiled. Mach ml. will contnia 

,025 ilgs, of sulphur. The sulphur was standardized iodometrics 

oiiyo 

Detemination of volatilesalph content in fresh onions. 

200 grams. of a representative sample (radial sectiONSI 

from at least 20 boAbs) with 100 grams of recently boiled water 

were placed into a blen*Jr. The sample was blended until e 

Ilomogeneous pulpy -mass was obtained. 12 to 15 T'ams e the 

pep were weighed and washed tmaidtatoly into a one litre 

volumetric flank half full of water, eight ml, of aluminium 

acatatm suswaision were added and the solution diluted to volume 

The F3olation was allowed to stand for 30 minutes. 50 to 100 ml. 

were filtered throagh a No filter pnper into a small conical 

flask. 

the filterate In a small 30 ml. bottle 

fitted with a plastic *apt  four ml, of thi,, sulphuric acid 

solution were added. Air was swept out above the liqlid with 

a streaky of nitrocen. The bottle as then closed tiLhtly and 

p cod in nn Litoulave and five pouade pressure was maintained 

(109°C) for one hour. After cooling 7.5 ml. dimethylaniline 

solution, and 50 mg of pare sine powder were added. Tho cap 

was replaced immediately and the bottle sgitated slii::ttly to 
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assure even distrihatien eit ginc. After 30 minutes the cap 

was removed carefulir and 2 ml. of ferr.i ammonium sulphate 

solution w added. The cap was replaced immediately and the 

bottle inverted a dozen times. After -no minutest  the solutior 

was iltered through a swan plug or fine glass wool inserted 

in the stem of small funnel into 50 ml. v-,Iumetric flask. 

The solution then dilated to volume A.th distilled water. 

The intensity of the blue colour was moseurOd by Hilger Bioeh. 

Absorpiometer and the vmount of sulphur present vlas oomplAted 

by reforriAg to a standard sodium sulphide carve fig, (5}• 

A reagent blank prepared in the same me.nner wa.s 

subtracted from the reading of the sample. 

arle4 9741911: 
The dried onions were grotmd to at least 20 mesh 

powder (5 mm. sieve). C.5 gram of the powder was weighed 

m:maratoly into a S< ml. volumetric flask half fall of water. 

2 ml. c aluminium acetate saspeasieu was added and the solvtior 

iiid 1-4 volume. Then the determination carted out as for 

fresh onions. 

anderAit  

A aeries of dilations of the fresh sodium sulphide 

solution was prepared, To 1C) ml. aliquot four till. of sulphuric 

acid sel'Ition and 7.5 al. of dimethylaniline reagent were added 

followed by 2 ml. of ferrto alum solution and than treated as 

above. 



M.& mg. SULPHUR, IN 10 rant .  

STANDARD CURVE FOR THE VOLATILE SULPHUR 
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A tandard curve was dem= and is shown in rig. (5) 

In preparing the samples car-* was taken to minimize 

tho volume of air present :luring blending*  A 30 minute 

extraetion period was i.oend sufficient too produce a coneentra. 
use 

tion equilibrium throughout the solution end the rest of a 

5 
	

sieve for onion powder, whore blending is omitted, 

indicated equally rapid extraetion (Carrier) (49). 

By astne air free water in eaking ap filtrates, the 

intercellular air still in the pulp or peeder is dissolved, 

permitting the fragment to sizit to tho bottom of t flask* 

Basic aluminium assetate was recommended by Currier 

(49) and succesefully need by Potter and :Tones (1O) in 

separating protele sulphur and sulphide sulphur ,  

It was nssamed bj Platenius (SO) that t•na eseeleisI 

oil of onion extsti in glocosidal eombination, since upon 

dIstIllntion a eery low yield of volatile nalVir restated. 

The neoessity of hydrolyeis was confirmed b Carrier (49). 

To prevent lenkege from the bottle daring hesting„ 

01 	ar pieces of soft plastic previoasly boil in alkali 

to remove say traee of sulphur, were inserted At"-in MVP 

bole asp. The cave were dipped in hot eater,  before closing 

the bottles to produce a better senl* 

The development of colour is almOst I 	A 

tint are,e.aring at firnt rapidl7 disappears* 



Laespe of valet/lel sulphur during blending is minimized 

by aeans of the adjustable Oliver, The replacement of air in 

th bottle Above the solution with nitroczet qnd use or nir free 

water in preparing the filternte were a measure to minimize the 

oxidlAtive loss in hydrolyzing the filterate Rt the hirA 

te%porsturs employed (102*C) 

PfrULT  4,ND 4iStTUSSION 
4000.00010.0.100100 	 - 

Ve 	urontnt of di er,nt varia'- 

Daring th saasoL 1961 different variettes or onions 

were examined for their volatile sulphur content. The 

vieties were English, erendh And Egyptian. 

The results are summarized in table (14) The different 

varletlas of onions are listed in ascending oc.dez. of their 

volatile sulphur content and grouped separately accorling to 

their or 

Table. (14) Indicates that differAit vri&; tO of onions 

differ free eaOla other in their volatile sul lar content. Some 

vartetle% contain nearly twice as much volatile sulPhur ne 

others. 

In 1952 diffemnt varieties of onions were grows at 

KArlington and their volatile sulphur content estimated. The 

results arc shunt in table (15). 



a141.311 VARIETI4S: 

Isa Craig 1 
lhneilo Red qrobe 
Jot of All 
nab 
athport Yellow Globe 

ed 7ittaX 
'lion Craig 2 

dfordshire Cnampion 
illbridge10 

7hite Splash 
tont Zit tan I 
p to Date 
lant Zittali 2 

I 

p.• 
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51,13LPfiU corT Ici PERC'-:417A E 01' 

VAR:14143 (  

ONIONS - (1951) 

Bas 

Volatile 
Sulphur 
Conteflt  

Dry 4atter 
Content 

(14 
• 

" 'IN VAIIWTIESI 

sour' 
aint *idle 
oulbouse 
aim Faille de Vert= 
uge !owe 

.ArOMPTAN V11,0:? 11% 

68.9 
66.5 
72.1 
80.5 
82.1 
87.6 
91.7 
96.5 
98.0 

102.47 
105.6 
112.2 
122.9 

50 .0 
12.1 
97.7 
92 .'? 

125.7 

it  .8 
lo .8 
12.9 
15.1 
11.'7 
12.7 
9.1 

12.2 
11.S 
'13.4 
1,;.2 
15.6 
14.1.2 

p,p.a. 	per cont. 

las 6 126.1 



Variety Volatile Sulph 
Co tent 

Dry Matter 
Content  

EGY"IAN VATJ  

C 	 105.6 

	14. 

VOLATILE SUIIPHUR CONTENT MID PURCNNTAGE OF  

WY gATTER 0F DIFFURAT VAHLETIAIS OP *ATM 

ONS (1952) 

VAVIUTIES8 

Leseure 
:loulhoase (rondo) 
des Vertu. 
Rouge Niort 
Role Garde 
rouge Pont 
:onlhouse (flat) 
Saint Michel 

-tiCLISN VA 

1i-erts 
honarch silver Ur% 
A ,1 I. 
Density 
Beet of Ali 
Prizetacer 

per cont 

97.8 104,  
105.0 13.5 
129.1 14.3 
130.2 14.1 
139.3 17.6 
142,6 14.9 
147.9 13.5 
170 5 14.3 

88.97 12.4 
104.2 13.5 
1c5.4 11.7 
112.4 13.7 
11.4 14.3 
126.7 15.4 



Referring to table (15) although the varieties of 

onions were grom in the same soil nud under the same condi. 

tions it is seen that they differ considerably in their 

volatile sulphur content, the difference in some varieties 

ho.th tlfice as much a other varieties which confirmed the 

results of the previous season. 

From the study of the dry matter contnt of the 

different varlet tee during the two seasons 1051 and 19620  

can be seen from the tables (14) and (15) that the varieties 

which are low in volatile nOlphar contest are relatively higb, 

in their Moietnvo content, 	those whiCh ars hi* in their 

volatile sulphur are relatively low in their moisture content. 

Tissue of high water content is likely to be low in 

volatile sulphur, at least when calculated on a fresh basis, 

for a sample of such tissue contains less dry matter than the 

name weight of tissue lower in water and is likely to contain 

less volatile sulPhur, one constituent of the dry matter. 

This inverse relationship was also reported by Eaton 

(35) when studying the volatile sulphur content of black 

mustard plant, He found that the tissue with the highest 

water confont hn also the lo-,est fresh weight of volatile 

sulphur. 

Although this was the general trend, yet there were 



several exceptions. Alisa Craig 1 with the loeest and „patine 

7'ail1e des Vertu s with one of the hiehest salpher contents 

included in the study carried out in the season 1951 both had 

a water content or 09.2 par ceet. These except ons can llso 

be soon from table (15) whea the eerietiee were grown under 

the same conditions in the season 1952. The veriety 

Moelbouse (bulb flat) one of the highest varieties in volatile 

Silliber (147.9 p.pea.) and the varieties moulhoase (bulb ronde 

aSd ,:ionarch Silver Bing elth a low volatile sulphur (105.0 and 

le4.2 p.p.. respectively) all d the sale' water content of 

804,5 per cent. 

Platonlus and Knott (33) grew 	 of varieties 

of onions and also fond that in general the pungency varied 

inversely with the eater content, hut the relationship was not 

exact. Per example the most pungent variety' and tee decide d1 

less pungent ones had about the same water content. 

Jones end Blazon (JO concluded that °Aid varieties 

with rather poor storage quelltiee have tho highest 'enter 

content while the most pungent and best keeping varieties 

have the lowest water content. This and Tq.qteniaate (30) 

theory tba$ pawner is proportional to the volatile salOhar 

contest ogre to sow extent confinsed from the behaviour (ef 

the varlet's* lascure and Saint Nichol, The first variety 

4 i4 
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t•cm: anti !-tie Lowett voLahie s,,LOur cohtenfr, two( Flee.,,,ot,tte con 

OM not keep at all daring storage even for one month. On 

the other hand the third variety Saint Michel with the highest 

volatile sulphur content and relatively high dry matter kept 

very good during storages  

It can be seen from table (1 that some varieties 

latively high water content contained also .71 high 

volatile lialphile content. This can be seen from the variety 

Rose Garoleand tho ve ,iety faint Michel. Tho ormer had a 

viola ile sulphur content of 139.3 p.p.m. and 9,2.7 per cent 

water content while the latter of 170.5 p.p.m. and 86.7 per 

cent volatile nulphur and water content respectivtA.y. This 

indicates at the decrease in the volatile : alp ur of the 

tisn hijier in water content le not duo entirely to a 

dilation of vo/atile sulphur with , Iter, but there is actually 

less volatile sulphur in proportion to the nsisainier of the 

dry matl:,er. 

Accor 

:Wens on ,he volatile suiphur content. 

PAnSON SOME 4 
	

GROWN 	Af,ITi  

In the season 1951 two samples of the variety Giant 

ttabk and Alien,  Craig were obtained from different parts In 

ingland. Table (14) indicates that the two different sena*s 

from the same variety differ considerably in thAr volatile 

gene , factors eeem likely 'o hsave 
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sulphur content. One sample of Alisa Craig 1 had much larger 

bulbs than the other sample,. Of Alien Craig .21the same thing 

mcurred with the variety Gient Zittan. Since each sample 

was grown under lifferent conditions it is likely that the 

different environmentel ead soil conditions were the eause cf 

this large variation in volatile su1ph1xr content between the 

two samples of the same Vari2tY• The increased production of 

the tissue might have been additional fae,oe in decreasing 

the volatile sulphur content. 

Platenias and Knott (33) found that irrigated onions 

*attained more water and lase volatile sulphur than non 

irrisetol ones. The former bulbs were larger than the latter. 

They also found that climatic nonditions end the emount of 

sulphur in the soil affect the volatile sulphur content of the 

onion. They found n definite though not proportional rd ton.. 

ship between pungency and the sulphur content of the soil. 

The ?Tench and the Egyptian variety Imported from 

France and 76gyPt in 1951 **Vs quite different, in the volatile 

sulphur content s  from the eau* varieties. grown from imported 

seeds at  H11'15-flew in 1952. The results of the two seasons 

are eastrerized in table (la). 

The Preach varieties, when grorn at Harlington shoved a 

r,markable increase in volatile sulphur content, The increase 
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in soas variAie doubled. Although the volatile sulphur 

tent of the varty Jamie de Lescure increase when grown 

at MIrlington in 1952, it still shoed the lowest value. 

It is also noticeable that while Its dry mnter content 

i remised it remained the lowest. Surprisingly the variety 

Saint Michel was found to have the hiLhest volatile sulphur 

content, eithough :.fhen impored from France the variety was 

one of the lowest. 

on the other hands  the Egyptian varty tza 6 showed 

a deoreaso in volatile sulphur cent nt, It should be noticed 

that Alts variety*** not very successful at Harlington its 

bulbs being sash. 

It is etdont that the nvironmental 	 tons d  

the t. Or soil is quite different beteten France, Ti4ipt and 

Ragland. These different conditions under which the various 

varieties were grown are likely to be an influencing factor 

in determining the volatile sulphur content of the onion. 

Plateaus and 'no't (33,) reported that t most 

pung nt onions ryere harvested fro peat soil while the atides 
from s'udy oil. 

Accordingly, differt growing conditions, soil typo 

and scoloy might be more important than geneic factors in 

deteraining tha volatile ulphur content of l'.A16 onion. 



,T OF ORO 41210N 11113 Vri,AT  

1,02' r'  4,;•t 	as 1 • 

In order to study whether definite fluctuations *soul 

in the volatile sulphur content during the growth of th;,s onion 

plant, ten ?rench varieties and one Ngyptlan variety were grorm 

at liarlinFton :luring the season of 1952. Starting Ante 20th 

eamplen were taken for anal ,111,3 every 5 weak; •  The results r.,,re 

sasaarized in table (17). FIF. (0) illustrates the changes in 
the volatile- salptar content which occurred daring the growth 

of the onion plant, The caves indicate a rapid increase in 

the volatile aulphrtr until the plant opprocohed ran t arity• 

The peaks of the carves for the variety Moulhouv! (bulbs ronde) 
W* reached before the hqrvest when the tops began to fall crer.  

When allow.ed to remain for -,,oete t Ina in ttu field the volatile 

ealphar content .deoNakeed 0116htly. The rest of the varieties 
allowed steady increase till the plant reathad usturitro 

From. the genera1 trend of the etzrves the changee in the 

volatile rlaphu,r during the growth of the plant, on  be divided 

into three atarea. The first star v,!hiCh la hetveon the first,  

and the eecond sampling, the increase in the, volatile alpbur 

$ relatively elow. The net 	tage is cho.racter1sti5 of a 

very rapid isiereace in the volatile sulphur which eeeerred 
L,-etween the second and fourth sampling. The third stage which 
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(17) ,OILV Statrfill 	flqa OF IFFURWIT 

VAQ,TETIS PF 04;(41p OURIA0  

(MY 

 

Volnti.W salQhur (S.,,ontent D.P.M.  

'1,10 k3 

 

Variety 

 

•-• 

T A 

St, MIcbI 

des Vertue 

Rose Oarole 

Iloalbouse (rouda) 

Rouge ?once 

Rouge 'tort 

Leeeure 

Moulhouse (flat 

al.za 6  

IA?, &31 

473 	5r.1 	838 

447 408 539 

571 404 64 

443 549 743 

553 806 813 

48( 	465 	53S 

412 548 653 

345 466 518 

80C 

1192 
) 
' 	96 

735 791 

645 724 

897 955 

911 926 

031 978 

G8c, 

618 

1C95 

750 

aw4eR.I...e.onmpral. amt.., 	A 
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Is between'th forth knd anal aip1ing share cnly &slIght 

ohango in fact one of the varieties showed A slight Avelino, 

in the volatile sulphur content. It SO important to note 
tweLve 

that daring the flrst stow, 7ften the plant was about fl'oo 

week old the tops TIM the bulbs were small. During the 

stescnd part the plants were much larger end the toys possessed 

a very hi6h aynthesizing power, Daring the final eta the 

tops began to fall over. 

Since the onion bulb increaced stoadily in volatile 
Ova 

salphar as Inc plant advanced in growth, it seemnAthe volatile 

sulphur ompomds were made mainly in the loaves, and a 

oonstent translocation from the leaves occurred daring the 

growth of the plant, At the early stages when the increase 

in the volatile sulphur was relatively slow the plants had a 

very small top. As the plonte grew older a rapid themeø 

in the volatile sulphur ocourred and during that stae the 

plants had e top of very get synthesizing wier. As the 

plants nwroached aaturtty the softening of the neck of the 

top occurred, due to the That thnt new 1 eves were not being 

formed. It can be seen from the saves that at this etae the 

changes in the volatile sulibur were relatively sysaller. 

Platanias and .nott (34) found that the percentage of volatile 

sulphur of onion bulbs incroao  ti steadily up to near the time 



whiab. the tops began to fall over. Baton OS) reported that 

younger /cavoz in black mustard plants is mach MOP, pungent 

than older leaves and ttw younger the plant the re volatile 

sulphur found in its leaves. 

The changes In the volatile tulphurs  one r,onatituent 

of the dry matter, cannot bo entirely due to the changes la 

the dry matter of the bulb. The changes in the dry matter 

were a steady incre.;.se until the third sampling Rad then a 

decrease until he plait reached maturity. On the other hand 

the 'volatile sulphur continued to increase even after the dry 

matter decreased 17hich Indicates that the formation of the 

volz.ttla sul;tur compound:3, vhich continued even nfter tbe 

matter decreased, was result of the growth of the plant. 

Trili4 

	

	 RAOU 'TILL; VOlAT 

SULPHUR COEN OF THE 0141011 

To stur/y the effect of nto'ae on the volatile sulphur 

content of various Marlette! of mature onions, 	es were 

taken moa hly and their volatile iphurestiaqted. The 

results are 	ized In table(18). 	Fig, (7) shows that 

the volatile ,7ulphur of all varieties increased as the storage 

progress,A ant:11 the second month then decreased during the 

third month. It is noticeable that th4, 	luort:sd-  hi tiJ 
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volatile sulphur of soma varieties increased gradually 

followed by a slight decrease towards the end of the storage 

period. This was the behaviour of the varieties, Rouge Niort 

and Moulhouse (bulbs ant). The varieties :]oulhouso (bulbs 

rondo) and Rowp Fonoe showed a slow increase in volatile 

sulphur tluring the first month followed hg a very ropid 

increase during the second month th?n a similar decrease 

during the third month ol7 storage. The variety Rime Gerolo 

showed a slight increase in the volatile sulphur throarnloak 

the storage period. The variety St. Michel increased sligbtiy 

during the first month then decreased rapidly towards the end 

of the storage period. 

rlatonius (33) found that the volatile sulphur of 

varione varieties of onions during storage st 5017, increased 

and that the increase vac very sltt it he end of the storage 

period. In fact he found that one variety showed a slight 

dierease in the volatile sulphur. 



9,HAPTER 	TI 

STUDIES ON THE ASCORBIC ACID CONTENT 0',  THE 0NI0;1 

METHOD 07 AITAIX3I3 

Smplin. 

Durin the first an' second. sampling, where the onion 

bulbs were mall, a sample of about 70 bulbs was use', while 

the plants approached maturity the samples were compose 1. of 

30 to 40 bulbs, 

The importance of proper handling of the samples :or 

ascorbic acid determinations cannot be over.emphasized. 

The sanpling and extraction of the onion bulbs were carried 

out with minimum delay so that no significant change in 

ascorbic acid could. take place prior to analysis. 

Since ascorbic acid. is unevenly distributed, within 

the bulb (Murphy) (62) care was taken to produce a repre- 

sentative sample. 	After the onion bulbs were cut and 

chopped, they were handle very quickly and blended with 

stablizing acid as quickly as possible to prevent undue 

oxidation of ascorbic acid. As much of the comminution 

as possible vas conducted in the presence of the stablizing 

acid. The most suitable agent was found to be Metaphosphorte 

Acid. (Vavich, Stern aryl Guerrant) (107). 

9.1 
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Dehydrated Samples. 

The procedure for handling dehydrated onions was 

slirhtly different from that used for fresh samples. From 

5 to 7 grams of dehyctrateJ onions were first dehydrated with 

in° ml of 3 per cent Metaphosphonic Acid for approximately 

15 minutes after which it was blended and treated in the 

usual manner for analysis. 

Since some varieties included in these experiments 

were coloured, two nethods for determining the ascorbic acid 

content were used.. 

1. Ito 2,6 - Dichlorophenolindophenol visual titration 

method was used. for the determination of the ascorbic acid 

content of the white varieties. 

2. The Indophenol-xylone extraction method was used for 

the determination of the ascorbic acid content of the colour 

varieties. 

The Visual Titration Yketho4. 

This method is based upon the reduction of the lye, 

2, 6 dichlorophenolindopbenol yan acid solution of ascorbic 

acid. 	In the absence of interfering substances, the capacity 

of an eetr ct of the sample to reduce a standard solution of 

the dye, as determined by titration, is directly proportional 

to the ascorbic acid content. 
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nYn (Pirk) Aseerbte Acid VyO 	ur/esl) Pehylrascorbie acid 

214APts: 
1. 6 per cont metaphosphorin acid sOlution. 

2. a per cent metaphosphorie seta solution. 

3, 2, 6 . 1ichlorophenol.indophem01 standard, i d of fte 

equivalent to 	mc of asoorble acid. 

tu 

ENtraetion 
ilpo3  

1. Equal yachts of the sample and 6 per cent ,,Peri. were 

blended to rPd 9 heterogeneous slurry ( 	i. each). 

2. Nitrne,en was bubbled in the lender bowl tivoucb a ija$19 

tube under the surtaoe of the liquid extractant for 	to 30 

seconds, before starting the blender, to minimize contact 

with atmospheric oxygen. 
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3. 3o to 40 gram of Coe slurry were wet 	. transferred 

to a 	a volumetric f1a and Muted to l0 ml with 

3 per cent U.P.0.3. The seir,hing and dilution of the Sample 

at this stage were made as rapi-117 ns pos.,117-:10. 

4. The diluted sample was filtered. 

T ttrtttio  

25 ml of the alterate was titrated imeOlately with 

the) standardized golution. of 20  6 . dichlorophonol4ndophenel 

to 4 taint pink end paint which persists for 15 seconds. 

(Ialculati n. 

te asoorile aotl. ues cal eulated aocordine to the formula 

x  1r,0 a m: ascorbic aoid per 1r7)0 crail.7o sample. 

• 0 ml 4ye used fo ttrtion of aliquot of diluted 	ole. 

5: 0 ascorbic acid equIvale* of dye solution expre ,e0 

me pcv nl of dye. 

W Crams of Immlno in 8/1quot tarated. 

I 0.11"OfwXY1 94-Bact_ractlADRI'IPt1100. 
This procedure is based upon the quan,ltitive desolortza,  

tion of 1'0 6 	iehlorOphenol.,nlophenol by ascorbic a-Ad. 

(PePkowitt (1c8))1  (3obinson and Statt) (leg). The eIcess 

of dye Is extracted, with Viene and measured b the absorbio-

meter. 
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Recnt 

1. Acetate buer ph.4..n 300 ,ram c anhydrous sodium 

acitate mined with 7nr ml water and to n1 1u ml 

acetic slid. 	:elow a pH of 4.0 ascorbic acid oxtaase is 

inhibited (Tauller. Kleiner*  sna Vishkind) (ho) the dye is 

stable and the rate of reaction between anocrbic acid an-1 

the dye is maximum (Uockbora, Melniok and nner) (1/1). 

2. 2,6 . dichloronhennl-indophenol standard. 

3. Xylene free from any oxidizing materials. 

4*  6 per cnnt metaphosphoric acid. 

5. f,scorbio acid standard. 

Extraetien 

The snme as in the visual titration mother/. The 

wet sample was dilute to 10 ml with per cent !IP03 

when flltereel. 

flequalion of Dvc 

 

Aecorbic.Acids 

 

5 ml from the acid filterate of the eample se 

placed in a ruber stoppere test tu''e and, 5 ml of the 

acetate buffer were added followed immediately tb 3 ml d7e 

solution, and the mixture was shaken gently. 
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Extraction. a Excess Dye with X7lene  

1) ml xylene were added at once, tlee tube stoppered, 

and the mixture shaken vigorously for 6 to 10 seconds 

to extract excess dr then centrifuge briefly to separate 

the layers. 	The xylene layer was transferred to the 

aboorbiometer cells by removing the aqueous layer with a 

pipet. 

Standard ascorbic acid dilutions were prepared 

nee 

 

a calibration curve was plotted fig (0). 

RESULTS RED DISCUSSION 

Ictori)in Ant_ Content o Illferent varieties 	7Ye 

During the season L)51 the ascorbic acid content 

of different varieties w-s estimated. 	The results are 

represente,1 in Table (19). 

Prom Table (19) it can be seen that the ascorbic 

acid content ct the varieties varied remarkably. 	The 

variety Jamie de Lescure had the hir;hest value t7 7.24 .. 100 

ren and the variety kip to date showed the lowest value of 

35.57 mg per 1(0 gm. 	Since the varieties studied durinc, 

the season 1951 were not crown under the snore conditions, 

the variations or the ascorbic acid, between the varieties, 

cannot be mainly due to cenetic factors alone. 	The 

different conditions under which the varieties were grown 

96, 
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icht have (Teat ef"ect on tho ascorbic acid content of* the 

Th1z observation can beet be seen from the cane 

Or the two varieties P1ten C:reIc and Clint ?ittait. Two 

samples from eaph variety wore brought i'rem different firms. 

The difference In the 	or lc aold context within the variety 

itself c.1 be easily necni Ansn 	had an asoorbie 

acid eentent of Ub.5 iar.. per 100 gm* while Ails f1raig 2 

contained 62.44 mg per V) gm. Giant Attan 1 and 2 had an 

ascorbic content of 5V.64 mt per 1-0 grad are 47.04 mg per 

100 gm. respeotively* This remt,rkable varlatlen In the 

aseorbie acid content within the 'fariety Itself misht lar ely 

be due to the different leather end sea conditions under 

which eaeh *ample of the mune variety was 77own* 

nuritv, the MO !season different varieties 	crown 

in larling,'on, an their aseorbie acid content wss determined. 

Although the varieties were crown under the same conditieng, 

they varied oons:,derably In their ascorbic void content,  

Prizetaker was the variety with the hichest asoorbic sell 

content which was 64.50 mg. per l'0 gm. whilst Rose Caro 

showed the lowest value of 35,50() mg. per lrx') gm. 

Comparitv the results obtained in the two seasons it 

is o':vieue tbat the difference in the ascorbic aoid Omencet 

the varieties in the season 1951 was much gr..-ter than that 

of the 1952. 	The ascorbic acid content of the different 



99. 

varieties ranged 'on 35,57 to 07,24 mr. per lf)0 m. in 1951 

whilst it ranged from 35.50 to 64.35 mg per 110 un. n 195p. 

The outstandin point in Table (19) is the difference 

in the ascorbic acid content of the rrench and Egyptian 

varieties Imported in 1951, and of the smme Ivrieties 7rown 

in Lar1in4.ion In 1952. 	It can to seen. that all the varieties 

showed a considerable decrease in their ascorbic sold content 

When ,rown in Tlarlington than the tnported samples In 1951 

The r.r..!Tptian variety, Giza J, shorlo the higm.st decrease 

when 0.Aown at Harlin6ton, 	The Fron411 variety aune de 

Lasiloc, when taported from France, showed the highest ascorbic 

acti oontento  and althouch when crown at KarlingtrIl It 

decreased considerably., it was still the variety with thc 

highest ascorbic nplel. content. 

Prom the tivvel data it ,'!en he seen that there is 

a definite variation in the sscort,ic acid: of the different 

varieties when Grown under the same conrlitIons. 

Also the . rowinE conditions seem to ho an tmnertnt 

factor in the synthesis of the accorT7,10 acid in the onion 

bulb. 
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0 ID 	F 

Or THE ONION 

The ascorbio acid content wS eettmated in difrerent 

verietiem of oniorm grcwn at Harlineton during the seeson 

152 at different stem' or maturity. 

The results tabulated in Table (2o) dhow the ehancee 

in the ascorbic acid oentent of the difrerent varieties 

throuehout the Growth of the plea. It can be seen that 

tho ascorbic aeld. of all the varieties had. the ease behaviour 

throughout the meturity staces. The aseorbic acid decreased 

from the start till the plant; rcache d maturity. When the 

results are prerentee eraehIcally Pigs (,) it can be 

oeserved that as the onion approaches and reaches maturitr 

Its ascorbic acid decreased. The outstanding point which 

can be seen from Table (20) and Fig (t) Is that all the 

varieties eteene a very sheep decree into the ascorbic acid 

clarity, th econe smeeline followed. bye eradoal decrease 

till the plant reachce maturity. 

It can also be seen that the varieties differed 

greatly in their ascorbic acid content earing the first 

eamplinee  the difforencec beeare very much snaller durine 

the second. tampline and so till the plaint reached eeturity. 

ile the oseorbio acid deer sed throu,4ont the; 

eeowth of the plant, the bals at the eare tiro were erowinc 



59.68 48.64 

48.35 40.76 

65.20 57. 

St .Mishel 

des Vertu* 

rose (Parole 

Moulhouse tr tde) 

Rouge Vol .4 e 

Rouge Wtort 

Liseoure 

Moulhouse (flat 

Gila 

0404 
35.60 

46.86 

36.9 

64.46 

C-0.40 .60 ?0.76 70.76 

45.76 

42.83 

Vartety 

n weeks 

3 

88 

101. 

ASCORBIC AC °One.; pp DTAPPMAtti 
AR LI' 	0 "INTONS DURTNO MONTI! 

DRY 4Asts)  

Aseorbte Acid Content (mg per 



1-• 
CHANGES 

SO 

IN ASCORBIC ACID IN ONION BULBS 
DURING GROWTH. 

(DRY BASIS)  

310 

'0 

7 ROUGE NOIRT 
LESCURE 

7. MOuLHouSE (FLAT) 

30 

210 i 

90 

A
S
C

O
R

BI
C
  A

C
ID

  m
9
.  

P
E
R
 1
0
0
 9

m
s.

  

70 

SO 

30 \ 

110 

70 

SO 

31:t 

10 

310 

70 

130 

110 - 	r- 
90 

70 A
S
C
O

R
B
IC

 A
C
ID

 m
9
.  
P
E
R
 10

0
 9

0TI
S.

  

SO 4 --------1  
6. 

--IP . 30 

12 14 23 20 17 14 12 20 17 23 

AGE IN WEEKS ..  F I G. 9. 



102. 

lar:-;er in size. The api 	reRse in the ascorbic acid 

a the early stace was accompanie-1, by a rapid incrsese in 

th4 mete cir' the but 
	

As the plant approached -latnri'vy 

the decrease in the ascorbic acid became very much leclr., than 

that in the early stage and the 1Doh of the I:'alb became 

slower. 

 

The bulb of the onion, at the early stages of the 

growth, contained a hich propertIon ,74' the younb an active 

tissues and, as the bulb grew further the active tissue 

ecame less as a result o  the formation of outer storage 

tissues. 

It was report0 by 7urphy ('") that onions which 

exhilAted a high average coneentration of ascorbic acid 

consistea of a large proportion of smell onions. Conversely 

the onions which were lower in ascorbic acil were PrePeneia,* 

ant lar(70r in slze, The same Author (72) also rePertal 

that the highly active imature tissue in the exact centre 

of the bulb Is the most potent section of the onion bulb 

TIvim considerinc ascorbic acid, the outer leaves oontaiWnc 

much less. 

Accordingly it seems that the size of the :ulb, aind 

the consequent increase in proportion of the outer tissues, 

as comparefi with the inner tissue, is an inflencing factor 

i70 this nhenomenon. The Physiological age of the tissue 
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whether expressed as maturity, size of the bulb, or 

pxoportion of more highly active inner tissue to less active 

outer tissue, Is likely to determine, to a larger degree, 

the ascorbic acid content at anygiven time. 

umot.tr ;STOWE ON THE ASCRII ,017) crIrn 
OT.: TEL ONIQJ  

ibe changes in the ascorbic acid content of the 

different varieties of onions during three months of storage 

are shown in Table (21). 

It can beseen from the results that all the 

varieties lost a considerable amount of their ascorbic 

acil Juring the storage perio0. 	The results in Table (21) 

and A. (10) also indicate that the bigEest decrease in 

the ascorbio 

This was the 

Rouge fonce, 

On the other 

de Moulhouso  

acid occurred after the first month of storage. 
Seve n 

case for six of the mid= varieties, Rose Oarole, 

Roue pale de Niat and Moulhouse (bulbs flat). 

hand the varieties Jaune paille de Vertus and 

bulbes rondo) showed the bimest loss during 

the third month of storage. 	During the second month of 

storage although all the varieties decreased in their 

ascorbic acid corft4mtl  the varied Moulhouse (bulbs flat) 

did not change in the ascorbic acid content then decreased 

again durbv the third. month. 



TA31k-,;(Z1) EFFECT OF STORAGE ON ASCO IC 	 OF 0iu,S 

....,....,, 
Taristy Cant ant 

after 
barvost 

.Aft or 
1 ruth's 
storage 

Ailloi.7.J; 	Lost 	dux- 
irw storage 

After 
2 sithts 
storage 

Amount lo st 	After 
during 	3 mthls 
storage 	storage 

Amount 1 o st 
during 
storage 

mg-/100ptin. lag/1004,s perm . -.( 

	

Q0 	. 1OO 1.+0. 4 :#, or mg,/100 41000 IM 
_co r;:4,-. cent 

StsMichel 46.75 43.60 3,75 8.0 40.83 5.92 12.7 30.31 9.94 21.3 

des Vertus 47.06 42.95 4.1.1 8.1 39.17 7,89 16.8 30.93 1.13 34.3 

Rose Garole 35.50 23.39 12.11 34.1. 21.94 13.56 38.1 18.25 1.7.2E. 4.1.6 

Moulhouse 
(rondo) 45.86 41.56 4.32 9.4 38.99 6.87 14.9 30.51 1%35 33.5 

Eougo force 35.90 29.52 6,38 17.8 Z5.X 12.64 35.2 20.7? 15.13 42.1 

Rouge ;i1ort 

lioulhouso 
(flat) 

54.46 

38.88 

37.21 

30.68 

17.25 

8.20 

31.7' 

01.1 

31.05' 

31.14 

23.4/ 

7.74 

42.9 

19.9 

27.22 

26.33 

27.24 

12.55 

50.0 

32,3 
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It can be seen pl3o from table (21) that the losses 

after the fimt month of storage ranged from 13.0 to 64.1 per 

cent, 12.7 to 6861 per cent after the second month of storage 

and 21. to 50 .o per cent at th.c end of the storage period. 

The above data indicates that r drastic reduction d' 

ascorbic acid occurred in onions throughout storage. 

Murphy (62) reported that under normal stcraze 

conditions onions lost from 47 to BC per cent of thEAr 

ascorbic acid which is very" much in agreement '!"ith the 

results obtained in .this 
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C H A P T E R VII 

STUflS ON THE SUGAR ':ONTLTU 	plzom 

metwof Analvsi 
Twenty baba fmm each sample were usecl fer the 

determination of surn. 	The bulbs outer dead lt.yers were 

peeled and grOund with a food chopper. 	After mixing the 

sample '30 to 40 ems were weighed acurately for the analys 

Extracting  ,The Strs Froi The Ti ue  

A blender wrks me' for eonminutine the weighed portions 

Of the npies, in the presence of distilled water, which was 

used as an extractilx: solv'ent. 	Small &mounts of calcium 

carbonate were aded to the samples, before they were blended, 

to neutralize the plant acids. 	The sample were blender for 

10 minutes. 

rilterinc; To 1*.x''racts 

A 1 filtrations were made with 1')uchnor funnels using 

suction. 	Disc: cut from filter cloth were used for Altering 

the c7tracts. The container of the blender was washe 

carefully to ensure the complete transfer of the sc.mples to 

the funnels. 
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kval tiT:r_ 5:he foxop.nts  * 
Filtered.,Lxtrocts 

The extreot's were transferred Quantitatively to 
prepf .ia tea 

volumetric flasks. 'ithe protein was pviact:pgeert from the 

extraets with lead acetate. 	Ths exoess of lead wegrrmer 

with potassium oxalate. 

separate aliquots were hydrolyzed with 6.5 normal 
at. 

 
1oc c0 	ht 

hydrochloric acid or the determination of the total sugar7. 

The amount of reduc1n sakAre and total eugsx'e preecnt 

wee evaluated by Lane •Syron volumetric) method (112). 

RE5SULTS  ..LAND DTSC1:53SXON 

into Affect of GroWth 

The 	.t 	o 

The resu-A: s 	the ''Otel suoars of the different 

varieties of oniony, at diferent s a;08 of maturity ere 

represented In Table (22) and ill.ustratec . in rig, (11). From 

the Table and the carves the different varieties can be dividea 

into three groups 	The first group includes the varteties 

which reeehe ,-7 their maxim** total sugar content 6.12rirr: the 

third sezapVnc.,„ These varieties were St. Michel, Rose de Iarole, 
SC s. 

ItOuge de rflortksid Houlhouse (bulb flat), The chanzes in the 

total slicers f)f  thie Eroup were characteristic of three stages. 

The first, a rapid increase from the first date of sampling, to 

the second, followed by a gradual. Increase till the varieties 

1- 6 J 
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reached its maximum moor eontent daring the third samplInri 

The third stage was a fraduel -,ecrease until the plants 

reacher, mturity. This was tt4 general trend of the first 
th'orl7 

group wl.th the exception of the variety Rouge de-#otot ich 

shoved a rapid inclreese t 11 the third omnoling follow by 

P very rapid d If:grease in the total surer towaras maturity. 

The seeend croup Includes the varieties noulhouse 

(bulbs ronde) Rouge ?onan are, ',71,za 6 etwile their total augers 

were reached during the frlecond samplin e  The chances in the 

total sugars 0±' those varieties stn lor2 divided into two 

stare, a rapti increase, Urin whiAl the varieties reached 

thalr maximum total sugar content during the secant samlin80  

follow& by a gradual decrease, until the plants rmched 

maturity* 

The third group  which reached their ma:ximum total 

sucar content durilly the fourth samplInc include the 

varlet Des !Tertus. A sharp Increase is noticecT7,1e towLro.s 

the l'ourth sempliw, then a sharp locresqc un'il he pint 

rea-hed maturity* 

It emn be seen from the curves that the vriettes 

differed considerably in tbe degree of Increase fan0 decrease 

througout their growth. When the plants meitree', thc 

difL-erence in the total swar content for all thc 



bseeme rather emal3Aiv and ranged from 5,7 to 64.7 per ocnt 

Tt is o vions.however, that the total sucers ,Are the cbief 

(Nomponent of the dry matter indicating that the Jry mster 

an1 the total sugars are related to each other. 

Sinoe the total sugars consist of non reducing and 

reducing sugars it w important to stud !:ho chexces of each 

of_these components separately 	'ng thr c,--Aswth of the plant. 

The ohanges in the mon reducinE. sugars are vresented 

in Table (23) end illustrated In fig. (12). 	771:ve of the 

varieties showed a rapid increase in the non reducing sugars 

until the third snmplInG.then decreased gralually until 

maturity. The varieties were St. T'Ichel lose c;arolc, 
Njort 

Rouge de no*mt-0  Lescure and Moulhouse (bulbs flat). The 

varieties Uoulhouse (bulbs rondo) nd Giza 6 increase rapidly 

In their non redtzcin ilar content until the second sampling 

than decrease radnally tovIerds maturity. The variety dem 

Vertus increased rapt-11y until the fourth sampling then 

decreased unttl it reachoa maturity. 	Cr thr other hand the 

variety Rouge ronce did not show an lecline In the non 

reducIngsugar throughout the Growth. 

Pr.oml the t1c it can be seen that the non reducing 

sucar content var!cf,  considcrably between the varieties which 

(Tin. be Ilvided into three groups dote 	to *Air non 

reducing sugar content. The Cirst pricup contains the 
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varieties with the highest no -reducin ur content. Vlese 

are : Rome Garole, and Roup fonoe. Their non-reducinc 

sw,17x- r :.3ontent vas 40.S and 52.9 per Gent respectively, 	The,  

second Group with a lower percentaie of non-roducinr sugar 

comprises St. Michel, des 7ortusplioulhouse (bOlhs ronle) 

Rouge de tortvt, Moulhouse (bulbs flat) and Giza 	The 

non reducing sugar oontent 'nr thefle varictles was 41.5, 

38.32  44.42  31.52  44.8 and 40.2 respectively. T third 

cre)up2  with thl lownst pereentaoe of non redr.cing 

includes the variety teervre whish had a non redue tug sugar 

,?ontent of 8.7 per cent. 

A. Erect simi1nrit7 in the changes of the non. 

reAlcing magar stO the total lagers can he obserlred. 

It is important to note that the non-reducinc 

sugar is t1vchef oomponent of the total suar an. is 

mainly responsible for the nhanzes in Um latter. Them, 

in a *10110 relationship between non-redueing and tOtal Aware , 
th * 	st growth. 	Lea tire had a non-reducing augalt nentont 
of 8.7 per cent; it is obvious that the reducirc sugar was 

the chief component of ti v total sugars which aocounts for 

the difference in behaviour between the changes of the 

non.reflueing and total ntvar!1 for this particular variety, 

dnrinc the naturity stages. 



2,15. 

5tud7ine the chances ot the reaming sugar °onto t 

throuGhout the Growth of the plant, Table (24) fiG. (13) 

represents the resvilts obtained 	tn the Season 1C)52. 

T170 redte.. 	nugar cant 	.mt all the varietieft accrenseel 

until they reached their lowest values then increased again 

towards maturity. 	FIG. (13) inlicates that the lowest 

percentace suer was reached at varyinE times by different 

varieties but the majority of these behaved 131 the same way, 

in that their reducing sugars reached the loweet values 

durin,:: the third sampling, then inoreaserl again towards 

maturity. it is interesting to note that the variety LesAire 

showed a sliGht decrees°, Prom the first samplin towrrde 

the thirds  then increased rap lay in the reducinr avar until 

it matured* On the other han the variety des Irertun showed 

a slight change in the redvcIng suar throughout the Growth. 

When the bulbs mature,1 it can be seen .From Table 

(24) that some varieties had a relatively low percentare of 

reducing surer content while others had a rel, tively tvgb 

pereentaGe. The varieties nose ::,arole and Reuge once bad 

the lowest redocinz st1,11r content of 1r).9, and 11.5 per cent 

respectively. It is important to note that these three 

particular va ttes showed the highest valuer, for the non - 

reducing sugar. 	Leasure, the varlet- with the lowest 	non. 
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reduoin.  ma ,er content, 	t 	redu-t, ugnr 

of 52.1 per cent. 

(*sparing the changes ofthe i'odi.tc,Lnj swr with 

that of the non reduc1ng engem throughout the growth of the 

plant, the two components bhaved inversely to each ot*er. 

Mile the nonsredne th gazer increase4, acorresplmdinc 

teas) °oeuvre ,  to the reduc.tn gar en1 vice-ver 

is important to note that the changes in the nor  

sugar were much greater than the chammos in the nftn-redueng 

sugar. This differonee In the behaviour et' the redtvir- surRr, 

to that of the total sugars and the non.reductng sugar, is 

clearly illustrated In Pic. (14) which repreeenti the meen 

values of every ocmponont at the same date of 	pling. The 

curves show the !reat similarity in the obanges of thp totzi 

sucers end ttv non-redueinc sagers in the onion as a whole, 

rogardlewl o' the individual varieties. 

The comparison of the now.roducing sucar Sn. the 

redu 	sugar ofmtent et the onion, shows that the rimier 

always exceeded t latter e.-copt in the variety tescure 

where the reducing agar exceeded the non-roluning sugar. 

Bennett (9) reperte that under optimum eonditions the 

reducing sugars constitute only a small percentage of the 

total soluble augarA, but In this tweet!, .tleln the realan 

was higher. 
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The 014ttionship betvem the reducing and non-relue-

ing sugar oxen be clearly presented b the monointeeharld000/ 

dioaceheriaes ratio Table 	). The ratio for all the 

varieties vas less than 10  (1oept for the variety T,escure, 

throughput the growth of the pla.!t. This inAlf.ctes that , 

durin6 the dif'erent stages o maturity the non-reduoing 

ewers exneedel the reducinv sucar: 	The Tab1f. also 

indieates that the ratio decreased until it reached its 

lowest value, then inaroasod again towards maturity, which 

was attaine0 durirk the third sampling for the majority or 

the varieties,. 
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the 

1=0==ft1ur* The behaviour ofkratio (luring the 

the plant points out clearly that the non-reducing and 

redueinc sugars were ehr,r,ing in the el 4:lo direction to 

each other. 

The deter7ination or sugar content in this o',1 bow* 

vas OP ',led out monthly. Table (26) represents the veallIts 

of t total suer contnnt of different varieties of onions 

during the starkl:e period of three months. 

Tha moieties showed a decrease in the total swar 

oantent thraushout the storage perw. 	These chaner can 
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CHANGES IN TOTAL SUGARS IN ONION BULBS 

DURING STORAGE 

(DRY BASIS) 
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be seen from the miry 	thfig (15) ishioh Illustrates t14 

behaviour of the total sugars during eterage. Although all 

the varietiee were stored under the same conditions, the loss 

in total sugars varied cOnsidserably botreen the varieties. 

While the variety Rouge de Niort lost 0.5 per cent of its 

total anger content at the end Of the storso period, variety 

des Vertue lost 19.4 per cent. 

Since the non-rnducing suars were the main 

componnent of the total sugars, their ehanGes durinc etorage  

are an importwft study. 

The chances in the non-reduclm:, susars during etoreg  

circ flt.X1W11 InTsble (27), 	The results inlioato that t 

nrva-rolu'linr sw:ars decreased remarkably during the whole 

rjeriol of storage. 
Ve4t, t'e tees 

This was the case for all the vao-60-1es. 

(13) shoes the remarkable change in the nonp,reducini_ 

sucars compered with that of the total sugars 	This 

difference can be detected from the comparison between the 

percentage loss of the non-reducinc sugars and the total 

sucars at the end of the storaco perod. While the percentage 

loss for 	former ranged from 33.6 to 70.0 per cent, it was 

from 9.5 t 19.1. per went for the latter. 

On the other hand the reducinc sucars chore,3 quite 

op vitely to the non-redUOinc and total sucAre. All 
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CHANGES IN NON REDUCING SUGARS IN ONION BULBS 
DURING STORAGE 

(DRY BASIS) 
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leSolaties shoved inereasen in their reducln sugar content 

as shown tn Table ( 0) and Fig. (17). 

The relationship between the non-reducing sugars 

and the reducing sugars is mush stronger during storage, 

the two comments being dependent OR each other. 	The 

incrense in tho re& cing sugars ttlrIng storace was the 

result of the decrecso of the non-reducing sugars Which means 

that the in du ing supprs we re t rens formed to reducing 

*agars. 	This relatlondhip between the two eomponents can 

very clearly be seen from the monocacchnrideidisnonhride 

ratio Table (29). All the veript Les hat a ratio of less than 

before stow", showing that they then Iu d a non.reflucinc 

sugar 

 

ontent higher than thor reducing agar eontont. 

Throughout t hcstae period the ratio Inc rock se a eensiderabl y4 

At the end of t e storage period the reducing suEpriexoeeded. 

the non-reaucinc sugars except the varieties Rose Garole and 

Roma Monoe. 

In Table (30) Fig (10 the changes of the total 

sujtrs, the nonusreducinr agars and the reducitr sugars are 

compared. They show the hinges by taking the average 

value of each component for every period Of storage. Prom 
the 

th 	Table, it can be seen that to tal and the nonoredue Ina 

sucArs decree sed 	r lout the s tore ge period • The decrease 
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of the latter was 110x'e than that oc the far'. 

It Is apparent fry the Tale that the bulb of the 

onion did not lose a great deal of it n sumar content, although 

the non.reaucin sugars riecrease0 considerably. 

During Autumn and Winter the onion bulb is dormant 

but still needs to draw slowly on its store ,1 resemes. 	he 

non-roducing sags am the form In whioh the carbohydrates 

are athrea. Por the utilization of this su6ar, hydrolysis 

in 	its simpler component the reducing sugar appears necessary.: 

The amount by weight o the relue trig sugar restatIng from a 

non-reducinc: sugar 'is nearly lt)P .:Ltnes 	10 a considerable 

decrease in the totf.,A, suer (reducik: anti non.pretlucin(7) in 

a dormant pinnt, would not he expect oei since the enercy 

expe7diture is a t its minimum* 	This as the ease in stored 

b4.11te 	This fact is confirmed by the results 0 btS ince. for 

the total suars, nonreduGLz 0134.- ar ri1 r mirk; sugar. 

?be 

 

steady but tai%.11 deOrOkee in t-'e total atz;firs 	(tie 

in fact to the,  utilization of sucare for the basal mntatolism. 

The awarent inease In the reducing euge.re Was A* to its 

formation by non...relulirc sugar hydrolysis* Pynthosis of 

sugars by photosrithesia can be ignored since the preen foli_op;e 

0,1t1 not(,-r40.) 	bring the storage period and there vas no 

expemire to ounlijht. Maraett: (96) reported that Stored 



onions lost from none to 8  per eent o: Ste total sufnre and 

that the largest percen141.;:,e of reduoing sugar we.s found In 

tho coldest storage. 

Scupin (98) found that onions stored for 8 - 9 

months bad deo eased in the sugar content until half this 
Storer! perloa to inerease gain up to about the re content 

a before storage. 

From a consideration of the data It eeems that the 

su,r7ar content or the orlon hod a great cfPect on the keepling 

qttalltY Of the onion burine stor*. 	MIR lo'',crvmt!on ner 

be seen clearly from the behaviou., or the variety Lerure. 

Tit s paricular variety boa a very poor keeping quality during 

storage. 'Prom the relmlts it ha0 the lowest dry matter t.,ontent 

and the lovest non-reducing stklar contcrt tn oo-parlson with 

the other varieties, 	The reducing sivLer exceedel the nofl.. 

reducing sugar while the other wrietios showed the opposite. 

All the varieties hRd a monosaccimride/disseocharide ratio 1e s  

Clan while this variety had a ratio more than.l. Ti 

variety Lcsoure di:: not keep at all oven for the first month 

of storage While the other Varieties kept ' von!' well during 

the three nth e of ctora5,:e. 
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work presented in this thee a was designed 

to study the efi-ect of dehydration on ibe onion at varying 

temperatures and ttr velocities sad on ij eolstilo sulphur, 

ascorbic acid and sugar content. The rate of drying was 

recorded. under Various coadAtions of dehydration. The 

effect of growth and storage on tease owlponents provided 

adIttional information. 

Tki; results obtained are considered in the separate 

sections of the thesis and say be ma hart 	in the following, 

(1) The various telperatures and air velocities had a 

greet effect on the drying rate of the onion. The 

higher the temperature and air velocity the greater the 

drying rate. Temperatures higher than 600C. were found 

to aff at the onion and charring occurred at such high 

temperatures and all air velocities. 

(2) Dehydration had a great effect on the volatile 

sulphur coaaTtt of the onion. 	At all tee erstures and 

air velocities the olAoq lost a considerable amount of 

its volatile sulphur. The hIghoot poroontsge loss 
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° end 50GO, and 40f) sal 650 f.p.m. Raising the 

air veleeity to 900, 1150 mad 1400 f.p.m. the Loses rare 

6 eeneiderably less than at fre and 650 f.p.m. 	At 0°0  

and all sir Veloctttes the loss in volntile sulphur vas 

the lowest kid raged from 11.3 to 23.e par cant. 

Onioas lost e considerable aaaant of their ascorbic 

said during dehydration at all temperatures and air 

voleolties• The highest percentage loss occurred nt an 

air velocity of 1400 f.p.m. and all temperatures Rad 

ranged from 53.4 to 72,3 per "wont. The levest percentage 

loss occurred at 60°G. mad n11 sir velocities and raa7ed 

from 34.5 to 53.4 Per *ant. Dehydration at lower air 

velocities shored idse effect on the ascorbic acid than 

dehydration at 1400 f.p.m. 

(4) The sugar content of i'he onion ran not affected by 

temperatures below 60°C. or by any vartntio:1 t't air 

valiontiry, Temperatures niger thnn 6000 affeo el te 

reducing augers of the onion. The higner the temperature 

the greater the efree on the reducing sugars. 

(5) Different varieties were dehydrate during  

1953 at a tempwreture of 8000.  and an atr velectty of 1400 

f.p.m. The Percentage loss in volntilti mlphur ranged from 

7,0 to 47.3 per cent during 1951 and .2t0 34.5 per cent 
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in 1952. The peree age loss in ascorbic acid raA?ed from 

22.5 to 63.6 per cent i4 19E1 and 20.8 to 67.1 per cte t in 195A 

ere was no significant differenZebetween Vie sugar content 

of the fresh. and dehydrated varieties in both seasons. 

(6) Me volatile sulphur content whin gives the onion its 

characteristic taste and ear, was estimated colow4letrically 

in diVereut varieties of onions. 

(7) The inherent cherecteistic of the diMrax: varieties 

examined. had grant influence on the volatile sulphur cotent. 

Some varieties were fou d to c ayt in nearly tiqoa es  much 

volatile sulphur as others. 

(8) Preach varieties When gro at Harlington increased in 

volatile sulphur oncomprrison with the same varieties 

impoi,,ed from France. 	On the other haradf  the volatile 

sulphur oonteat of the lugyptian varie decreased when com-

pared with the sample imported from gypt in 1951. This 

suggests that the different climatic carOitions and different 

soils have a great influence on the volatile sulphur content. 

(9) Changes in volatile sulphur during growth were determined 

in Prenoh and Zgyptian varieties during 195. A steady 

increase was observed during growth of the plant until it 

:veachod maturity. 
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(10) Prenoh vex.% eti.:)s were stored during 1952 far months 

and shangesin volatile sulphur content. obsesoted. The general 

trend was an inerease during the first two mentheet etorece 

foliated by a deoritase during tte third month. 

(1.1) The ascorbic acid of different v far t les of onions 

was Oetiesated by the 2.6 dtahlorophenolitulophenol vi su.1 

titration method and t indophenol nylons method for the 

coloured var..1, • 

(12) The varieties vraria!:'. considerably In ascorbic 9vid 

content* The differeJltewss lash sere prenouncel between 

the varieties grown under different condition's ond locattons 

than the varieties grown undlr the eame conditions. The 

ascorbic acid osntont of Pr ndh and tgyptian varieties 

grown at Hmrlillgton 8-howitd a 14,rge Isere**e comprAred with 

those from 2rande 	Igypt. This suggests tat the 

groviaig colditto4s 19,1*-4.4 030 of I'm inost iraport4y4t factors 

at footing th 	om-bid sold content of onions. 

(M) 	The chwIges in ascorbic acid of differe,t 	t,t38 

durinc.; growth Qte  oboorviad ai d Isous P3ed. 	ascorb 6 

acid cleore8sei.A frets the start until the pl acit 1-eaohed. 

aturity's 

(14) tos 	var4n in stegni tad. from 21.3 to 5(,O per cant 

of the Original va1u0s for ?Hitt Miens, oceumed xLn 

$ senthe of st..orage, 
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(15) Vie 	-gest t2te sugar content of different 

varieties of onioas were stud ted during growth. The 

total sugars increase-1 rapidly until they resched s maxidium 

at s time tch varied between the indivIdusl varieties. 

The general tr erId for the' onion as a w'Iole was th=at the 

maximum total sugars were reached during +;he third sampling. 

Me total, sugars were foand to be no chief Component of 

the dry matter. 	It composed 56.7 to 64.7 par cent of 

the dry mat.‘er. 

(16) The zion redicing suE sr s wer 	id to be the 

=tier component of the total sugars. May formed 31.5 

to 52.9 per zor.  

total *agars. 

narriveducing sty  

They ei angel. in the same 	like the 

Varieties varied conaide 	in their 

.00tant some varieties were oo .si.derably 

high, ethers were emeeptionpiLk very low. 

(1?) The changes in the reducing sugar during growth  

were found to be in the opposite direotionto$ th.at of 

lloa.veducing ssgars. It was also Observed thqt the 

..rectucing sugars exceeded to refit eing stars for all 

the varieties except ho variety Leseure. 

(18) The relationship between the non-wreducing sugars 

and 	eueing sugars ran expressed as the monessetshari404, 

disao aridea rvtio. For all file varta ins It Was 3iei 

than 1 with the exception of tte variety toscurs 	oh had 
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a ratio of more then 1. Th ev,tngesin the ratio during 

growt: s7.1ora 

 

i t t recing and nod-reducing sugars 

behaved inversely. 

(19) The total sugas decreased during storage for all 

varieties. 	At the end of the storage partod the percentage 

loss rango4 from 9.5 to 19.5 par cent. The :Ion-rel:voing 

sugars decraaed remarkably during storage. At the aid 

of hs torage period the percentage loss ranged. from 

33,6 to 64.7 per sent. On the other hand, the reducing 

snare Increased throughout the sternge period which was 

clearly observed from the 	 .rdas ratio 

Mob at the end of the sterile period exceeded the value 

of 1 for the majority of the varieties. 

(20) Altiogh the non-reducing sugars decreased remark-

ably during storage, the bulbs did ,;:ot rthow a great loss 

in the total sugars, 
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