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FOREWO.tW 

The ~urchase; distrib\ttion and storage of fresh produce destined for 
utili:z.atio:o. in the Armed Fcrces subsistence feeding system is a multi­
million dollar 'business. Spoilage losses during handling, even if a 
small :perctmts.ge of the total, can be extr,~mel;{ costl;{. Hence, studies 
1-i'hic:P ~~tribute to an understanding of how fresh "ll.ving" produce, such 
as fruits ~1 vegetables ripen, is of material interest to the ~· 

This report p~eb~~ts a preliminar.y study of the effe~t of light of 
variou& wavelengths, and co~4itions of uo light, have on the ripening of 
fresh detached tomato fruit. ~ool ~hite fluorescent, and Gro-Lux fluo­
rescent lamps ) as ~ell as· darlmess conditions ~ere used. Temperature: 
humidity and ~tmospheric co2 content ~ere controlled • 

The objective of thie study was to determine the effect of light 
conditions on rate of ripening, with a view to the possibility of con­
trolling the ripening of tomatoes and possibl;r other fruits and vege­
tables in ~~e Army distribution system, resulting in the reduction of 
spoilage. 

This stuay was conducted during a t~o-weeks active duty for 
training period ~ith Major Christos C. Mpelkas, USAR, 17-29 August 1970. 

AcknowledgemeP-t is made for the significant technical contributions 
made by Mr. Irving 'L. Dame, .rr. , .lt'ood !a bora tories, in Retting up and 
controlling the test chamber used in these studies. 
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ABSTRACT 

A better knowledge of the factors affecting the ~ate and nature of 
ri~ning and its .~ubsequcnt pP~se over ripening and spoilage of fresh fruits 
and vegetables could lead to control of this process. Such control could 
laad to substantial savings in the storage and distribution of such products 
in the Defense Subsistence feeding system. 

Preliminary studies wera conducted on the effect of light of various 
wavelengths a.nc1 under a dark situation on detached tomato fruit, with 
humidity. tcm~rature and co2 content of the atwosphere controlled. Color 
development, taste, firmn~ss and chemical change (acid-base ratio) were 
us&j to st~~y r~t~s of ripe~ing over an 8-day perioi. 

Light, vhich emits strong~ in the red and blue regions of the 
spectrum, appears to result in acceleration of ripening as measured by 
taste _panel, chemical al)}.l.)¥si~., and color develop~&ent. Thus, these v.oave­
lengths appear to pla.y a key role in ripening ra.t..;!s and subsequent spoilage 
of tomatoes under controlled conditions of tempe~ature, humidity and carbon 
d.tox:lde atmosphere. 
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INTRODUCTION: 

beveral interesting observatione have be~n recorded in techni~ul litera-

ture ..,1hich suggP.st a relatiomJhip bet·W~e~n light and physiological rP.sponses 

of fruit ripening. As early a.s 1913, Duggar (5) rc,!:A)rted that tomato fruit, 

exposed to sun,.ight, had improved ripening characteristics over those that 

w~re shaded. Results of Arthur ( 1), Smith( 10) and Staith and Smi t\1 ( 11}, 

shewed that both quality and intensity of light influenced the deveJ~,ent 

o:' a.nthoc:ya.nin in apples and carotenoids in tomatoes. Nett lea, Hf.ll, and 

Dennison \8) found that tomato fruit exposed to cool white ~lu~rescent light 

had higber total carotenvids and color values than those ripened at the same 

t.emperature in darknes&. According to 1lerrien, et al {13), the blue wave-

length has been known to produce highly colored flowers, as well as develop 

higher lipid content in plants. Butler and Do~ (3) made refere~ce to 

mature ar-r;>les as not tur:ciug old if kept in the dark while ripening. Eteyl 

alcohol accumulates rathtar thari a.nthocyt.min being formed. The apples can 

manufacture the red pi~ent only if they ar6 exposed to light wh~n are mature. 

It is w~ll known that tomato fru.it grown under normal su.t'llit'~:i have up 

to twice as ~u~h ascorbic acid as those produced unJer greenhouse co~dit!ons. 

nalal, et al ( 4} have reported that light has been recognized e.a an imi'Qrtant 

anvironmental factor, relative to the ascorbic acld content of f1•uits and 

vegetables. Fra~ie·:·, et al (6), McC.:>llum (7), and Somers, et al (12), all 

indicated that light energy impinging directly vn the tomato f1~its effect 

thei~ ascorbic acid content. Brown and Moser (2) reported that greenhouse 

1 



tomato fru~; had only about half the Yitamin C concentration of tomatoes 

~O'Iolll in t te fit-.::.itl.. Shewfelt B.I:!.d !!alpin (9) :revealed that plant growth 

stimulating :luoresce~t light sources produced a higher rate of color 

development on tomato fr.uit ther~ conventional fluorescent sources. 

MATERIALS AND METHODS: 

Torr.ato fruit was harvest-ed at the matuxe-green stage of development 

frotn field-gJ~own plants 01 the CR-43 {C:re.~k-resistant) variety. The fruits 

were selected carefully t~ orta~ a high degree of uniformi~y of mature­

green or pale green color. Tha me.+.ure-green stage was chosen in preference 

to the "bz-eaker" or pi.lJ.k st.age so that the light. treatments could be eval­

uated through an extended ri~ning period. 

The fruit wad s~bjected to the following treatments: 

1. Expos~d to stand~~ Gro-Lux fluorescent lamps -

The Gro-Lux fluoresce~t sources are designed for use in 

plant gro\nh e.nd are i.ii.a.nui'actured by Sylvania Lighting 

Products Compacy. 

2. Exposed to cool whit~ f h.:.orescen.t lamps -

Coo.l white fluoresce:n:r..; lamps whlch are conventional 

sources ~roduc~ng wavelengths primari~ in the visible 

s:;ect::."U~, O.!'C made by various lamp manufacturers. 

3. Held :tn da.:-kn~ss: 

For convenience the int~nsity levels in the light treatments 

,,ere m~a.F.n.!.:·:ed .tn foot candles. The G:r.o-Lux inwnsity averaged 



r 
L 

J 1~'j' foot candles and the cool vhi te aver~ed 1{.6; foot-candles. 

S:l.!lce the energy emi asion of the Gro-Lux lamps is in the red 

and blue ~velengths, which contrcls some of ~he photochemical 

processes of plants, foc·t-candle reed 1 ngs are not too 

sigr!:tf1.cant. 

Table I presents the total energy emission :n the various spectrum banda 

of the Gro -Lux and cool vhi te fluores·~ent lomps. 

TABlE I: Energy Emission in Arbitrary Color Bands of 
40-Watt Eluorescent Lamps Given i~ Watts and 
Total Emission 

sr.ectra.l Nanometer Std. Gro-Lux Cooi White 
Color Band Watts Percent Wa~ Percent ---
Ultl'a Violet 380 0.10 1.42 0.16 1.68 

Violet 380-430 0.70 9·67 (1, "(2 7·57 

:31 .... \e 430-490 1.96 27.07 1.98 20.78 

Gr.een 490-560 1.02 14.02 2.35 24.67 

Yellow 5r.0-590 0.10 1.42 1.74 18.27 

Orange 590-630 o.41J. 6.05 1.69 17.75 

Red 630-700 2.86 39·55 0.81 8.47 

Far-red 700-780 0.06 0.80 0.07 0.81 

TOTAL 7.24 100.00 9.52 100.00 

'l~e spectral energy distr!bution curves of the lamps arP. pre~ented in 

Figures 1 and 2. 
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Each treatment cons:!.ste:3 of 50 -+;omato fruits. Tne dis"tence from the 

li¢1~ t;;OU!"ce to tb: :rru1.t va.s l2 in..!hee. Fruits unde!' each light treatment 

ve:-e lcca'ted .:.ee.r t.he cent.e::- ~f the !.lltun.inated area for uniform light. eX!)O-

sure. Black clcth vas usad to pr~vent interference of one light ti"eatment 

with. another. Four 40-•·a:tt fl.J.ore:scent J...am];.s in ~"0 2-lArnp f1X~ures vere 

used for each light traatc::.e:lt. The fruit under,s~.'"\i!lg treatment wre J!OSi-

~ioned £-tcm-and 1nW!l tbroug.hotr:t the test per!.od. F:-uit 11nder f'..S.ch fl.tlores 

cent ligh~ source recebed 16 i'.oll!"s vf light exposure duri!l~ eacll ~4- tours. 

T!:.e tenr..;>erP.ture range i.n t:te cham::.'e= was 75 to 8oo:F during the light period 

$.!ld 70"b' during the dark pe:-ioa. Relative humid.ity ranged oatve~ 6) to 7ocfo· 

The ca!'bon dioxide atmosphe;,ic level. ltaa raised to a conce.atration of 1'/J. 

Ca.~: bon dioxide w.s used to s~e j f t..he green tomato fruit CCJl~ld f.ct .as a 

photosynthetic organ, and demonstrate enh~ced photo~nthesis with ~ 

incr.P.ase ~ the carbohydrate content of ta~ fruit. 

The quali-~J factors tha~ vere studi~d included color development S/A 

rat.::.o, texture. Flavor w-as evaluated by ..>rganoleptic testing. Fruit w.s 

:remov.~d frrJm each treatment on 0,3, 6 a!ld 8 C..&.ys for qv.ality control st-udies. 

Ob~azova tions as to color B.!l.d -cex...,v.re vere recorded. T'ue fruits from 

each 'trea .. m~:nt wer~ th~r.. cored and. !l'f':E::ed. A Hu:~ter Mechanical Fore~ Gauge 

was us~ ~ to test the fi~ess of the fruit.. A HUllter Color Difference Meter 

was Ul:led - .lwbd~l .D31J Trtstimulua Calorimete:: - to measure the tot..a.l reflec-

t&lce (Lj, the L'ednaas (a.) a'ld yellcwnec;fl (b) valu.es of' th-e puree. 
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The a/b ratio ~s used as an index of red color developme •. ~ ~~ as obJective 

support for the visual observations. 

R~u.L'rs: 

Color and firmness descriptions for the fresh fru"tts held at o, 3, 

6 and 8 days in e~ch of the three treatments is giv~n in Figure 3: along 

with t...he :Hunter Difference Meter values for ~che raw plll'e~s prepared from 

the fruits. Changes in the a/b color index values for the different 

treatments are also sho~n in Figui•e 3· 

COLOR 

The Dark Treatment developed color slow~. After 8 days, the a/b 

index of ~he puree was 0.82. The cool white fluorescent sources resulted 

in an increase in the rate of. color 1ove!.opmeut. Fruits frcn; this treat­

me~t produced raw puree that had an a/b value of 0.95 after the 8-days 

exposure. 

Results from the standard Gro-Lux fluor.~scent source revealed a 

more rapld color development than the other two treatments. 

After 8 days: the fruit had uniform red colcr PI'>1ducing ,'1 puree wi t,h 

ajb value of 1. 67. The a/b values for fruits exposed to the standard 

Gro-u~ lampo were higher after 6 days exposure than was obtained under 

cool white lamps in 8 days, see Figure 4. Yet, the light sources were 

equal in terma of the amount of electrical energy consumed. 

5 
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The difference was in ~he distri~~tion of rsdlation in the visible spectrum. 

The dift'erance in light quality ha.! no a:ppa:~e!lt effe~t on the tempe;:;-a.ture 

of the expo~ed fruit. Evide~t~, the influence of light energy on ~he 

ripening of tomato fruitf: is affect·::d by the intensity am quality {'~r.-a.ve­

lcngth) of the light received. ~erta.in wavelength patterns appear to be 

more impo=tant than others. Standard Gro-Lux fluorescent source maintains 

it~ major emission in ~~e visible red and blu~ regions of the spectrw~ 

while the cool white so~~ce has its energy output in the blue, yellow and 

green bands. 

ORGANOIEPJ:IC 

Figure 5 shows color photogra:phs of the color production due i.;o 

the var:toue treatments at tl:'.e end o: 8 day6. The upper tr.r.re:e phc.tographs 

show the successive in~:-:eg,s,:; of :o~or 1eve..i.o~ment fr.:>m the Da.rl: Tre:utment 

through the C''"'Ol white to the G;ro .. Iux lamp treatment for the whole f:-uit. 

The lower two phot~~phs sh~w sections of the fruits at 0 to 8 days 

sho'l\•ing best results v:tth thr::: Gro-Lux t.reatm:=.lnt. 

In addition t;o color develo:t: ueut;1 l:f.ght energy a.Lf~cts the quality 

cha::.-a.cter:Lstics of ripen!IJ.g, su.c2. as f.l.a.vor,odor and t-exture. A pre-

limina..-ry organoleptic test. was conducted to evaluate the flavor texture 

a.>J.d a;ppea.r,~..nce of the fr-u.Us of the different tret::.tments. The results 

revealeC. that the eqaluati.on fz·.::>m t.he 1.7 taste :pane.lit3 ts who we:.:e involv.!d 

ir. the test, indicated tbat tb.e group prefer:red the Gro-L1.oc treated fruit; 

6 
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cool white as their second, and the ~rk treatment as their third choice. 

The f~.ctors that were evaluated were color, odor, flavor, texture and 

appearance. 

FIRMNESS 

To~to fruit samples from the three treatments were measured for 

teJCtural firmness at 0, 3~ 6 and 8 days, using the Hun.ter Firmness Gauge 

and these results were r~ported in Figure 3. 

Figure 6 is a plot of the Hunter Gauge ~eadings in ,ounds vs days 

using measurements taken on the side of the whole frui "".. This shows a 

somewhat P,reater increase in softness up to 8 days, of both the lighted 

sampl.~ ·l over t'IJ.e dark SamJ.les as the gl'P.en fruit.c:: a:ppr·oact·"'d ripe .:!te.F,e" 

CHEMICAL CHANGES DURING RIPENING 

The composition of tomato fruit is lmown to va:ry during ripening 

undergoing complex metabolic changes whlch are nc~ too well uudexstood. 

The flavor character of thP. tomato is developed from numerous 

chsmical constituents of the fruit among which the acidity and sugar 

compone~ts are of particular importance. Figure 7 shews the values 

obtained for total acidity d~ citric dCid, sucrose and reducing sugars. 

Total sugar, and s/a ratio were detexmined and are also shown. These 

data can on~ be considered preliminar,y, repr.Peenting single determinations, 

but are of inter~st es jndicating trends. 

7 
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Figure 8 shows a plot of total sugar ~ vs time snd Figure 9 shows acid 

vs time made from data in Figura 7. T.otal suga: varied iD. the three light 

conditions from 0 to 8 days, ending higher in the cool white and dark 

SS!IlJlles than "With the Gro-I.m:. Total acidity, however, rose in the dark 

sample and fell in both light exposed fruit. 

Figure 10 is a plot of total sugar acid xatios for the three light 

conditions and shows a trend of fa,lling a/a ratio for the dark samples, 

and a r:l.sing "-~end for the li~t-treated samples and was the highest in 

the Gro-Lux light condition. This would indicate a flavor sweeter in 

character for the ligh~-~rcated vs the dark samples and this wa.s substan-

tiat~d qy organoleptic evaluation. 

8 
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COPOIJJSIONS 

In terms of color changes as ~asured by the Runter Coior Difference 

system, the stan~~ Gro-Lux showed a more rapid color development than 

the cool white or dark t.reatment and a highe:r absolute vs.lue after F3 

aays under the cond~tions used. Firmness as measured qy the Hunter 

Ge.uge did not appear to be e. good ripeuess indicator, but more t'eadings 

might ]ermit statistical ~sis ana show significance, if any. 

Limited organoleptic taste tests indicated a preference for 

Gro-Lux (1), cool white (2) and dark t~eatment (3) - in that order. 

uhemical tests on sugar and acin development indicated trends. 

Further wrk is needed. Sugar acid ratios shO',.ed a go:eater "sweet-

ness" in the light-treated vs dark samples substantiated by the taste 

panel results. 

These results indicate the Gro-Lux i :ght appears to accelerate 

ripening 11nd dark conditions retard it. Due to the limlted'time 

avail~ble for the stu~ more work should be conducted to confirm this 

work and to extend the findings. 

9 
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:r"irmness test 
Holding v/Hunter Gauge Color Reedings (Puree) 
Period Readings in Pounds ~bserved Observed Hunter Difference Me"Wr 

Treatment {Days) Calyx Stem Side .l!'irmness Color !· a b aJ_b -
Initial. Ana.J.¥sis 0 6.34 5-~ 6.27 Very hard Mature s;re2n 48,6 -l.3.5 23.2 -0.28 

Darlme~.>s 3 7-25 6.00 6.92 Very hard Mature green 50.9 -:1.3.5 24.9 ··0.54 
6 3-67 3-75 4.25 Firm. Light red 42.5 l.5.5 20.8 0.74 
8 3·l.9 3:5o 4.o8 Firm Light red 4l..3 l.6.8 J.7e9 0.82 

- Cool. White 3 5-50 5-45 5-67 &l.rd Bl"eaker 50.l. -1.0.'7 26.9 -0.39 ' ...... \; 
6 4-3.2 3.4.8 ~9-4 0.76 3-75 3-00 3-33 Firm Light Red 

8 3-58 3·33 3.08 Firm Light Red 35-3 l.4.8 15.6 Oo95 

Standard Gro-l.ux 3 4.34 h.-.61 4.l.7 Firm Turning 53.4 ••7n4 24.0 -0.30 
6 3-57 3.67 3o75 Firm Red 4o.o 24.9 l.4.4 l..73 
8 3-5l. 3·33 3-58 Fi.J.-n:. Red 32·7 2~.8 ~5-l. l.Jf( 

Figure- 3 
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a- DAY DARKNESS 

a- DAY COOL WHITE a- DAY GRO- LUX 

O-DAY 
SECTIONS 

S- DAY SECTIONS 
THREE TREATMENTS 

FIGURE 5 COLOR DEVELOPMENT OF TOMATO 
SAMPLES FOR THREE LIGHT CONDITIONS 

( 0-8 DAY PERIODS} 
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CHEMICAL A:tiALYSEB 

RIPENDiG .PERIOD 

ANALYSES 0 Dax:s 3 Day~ b days --rr days 
('fo by wt) InitiaJ Gro-Lu.x Cool. 'Whiu' IX;.rk Gro-Lux Coo.l 'White r;.r .:..~k Gro-Lux Cool '1-Jhite Dark -----· 
Cit:-ic Acid 0.51) 0.57 0-57 0,-38 0.5) 0.50 0.49 0.43 0.50 o .. 6o - . . 

""- Dextl"ose 2.64 3-02 3-59 3.02 2-79 3.02 3.66 3.1.3 3·53 3.6? ~.: 

Sucrose 0.1.0 O.ll 0.09 0.20 0.20 0.01 0.1.3 o.o·,· 0.1.0 0.1.2 -
'l:otal. Sugar 2.74 3-.l3 3.68 3-22 2.99 3·09 3,·?9 3.20 3.63 3·19 
S/A Ratio 5-49 5-45 6.45 8.47 5,65 6.1.8 1·13 7.45 .. (.25 6.31. 

Figure- 7 



w 
1- m 

X ::t: (/) 

~ !.'; UJ 
..J z 
• _J ~ 

0 0 0: 
a:: 0 <! 
~ 0 c 
. . . - ~ ro 

co 

CJ ... 
~-

:I 

en r.t.: .... 
> ll. 

4 
0 

if) z 

••• ..... 
2 
r-

~ 

-

------+---------------~----~--------~ ro 



\ 
~\ N 

w ... t/) 

X 3: (/) 
:) ~ Ul 
.J z 
I ..J ~ 
0 0 a: 
0: 0 <[ 
't!) (.) Q 

• . 
~ - !\J 

--,--+---~----+-----!!~ ·---' 

01~!10 S\f 

v 

010\1 % 
;c;· 

<D 

C/) 0\ 

>- I 

<( Q) .. 
0 :1 

C.() 

q- .... 
I.!. 

z 



~· . 
-" 
:... ~ 

t 
co 

LLI 
r-

(/) -
X :r fJ) 

:l ~ l&J 
-I z 
I ....1 ~ 

0 0 a: 
0:: 0 <t ft) 

(!) 0 0 

,, . I t~ -- (\J ., 

C:.• .... 
I 

aJ ... 
(/) ::s 

c.o v >- ..... 
£,:.. 

<t 
0 

z .., 
w 
~ 

t-
C\J 

0 

0 I! \1~ 'fi/S 




