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SUMMARY

It i~ goenerally believed that objoects
suelt ax whole applex, tomatoes, or
potatoes are opague. Aetually these
objjeets, minl Bologienl tissue In gon-
eral, will transmit some of the light
fulling on thew. Although the amount
of light that can be  transmitred
throueh u 2-inch-diaeter apple i=
~mathl, it i= ~ullicient to permit evolu-
ation of the internal color under con-
tralled comditions without damaee to
the froi, Speeifieally, measurements
euit be made to Jetermine i the flosh
of w red apple = green or white,
whether or nat there i= blood in an
cge, and if the wterior of polatoes i
the normal white flesh or 17 browning
i= present. The most satisfactory
miethod of nmuking these evaluations
in a practical manner has been to
men~nre the optieal density of the
product at two wavelengths and com-
pute the optical-density difference. A
nmnuber of Instrunwents have been de-
veloped i the  Instrinnentation

Research Laboratory of the U, 8, De-
partwent ol Agriculture to make such
o easwrement guickly, This report
deserthes o design that has evelved
over a perio-l of vears in the pse of
such Instruments,

The mstrumient deseribed here s
compact, portable, casy to use, and
has given very reliable zervice, The
in=trnent cimploy: interference fil-
ters to rolate the desivet wavelengths
ainl a photometer eapable of measur-
ing the extremely low light levels
transitced by Intact products.

The nstrument iz of congiderahle
vidue in the biolegical research labu-
ratory hecanse an estimation of the
concentration of pigments in fresh
tiexue can bhe determined without
making an extract. The convenience
of use amd the nondestructive feature
make the nstrument useful for the
quality control laboratory and for
extablishing quality grades.
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THE DIFFERENCE METER

for Measuring Interior Quality of Foods
and
Pigments in Biological Tissues

By (1 8. BIRTH and K, H. NORRIS, Inslrmeniation Rescureh Laboralory, Market
Guality  Resenrch Divislon, Aprieaiineal Rescarch Service

INTRODUCTION

The interior quality of agricultuwral
commodities 15 ag hnportant as the
exterior, if not more <0, A method of
evaluating the interior quality with-
out danuging the =ample would bene-
fit marketing, noad researel has been
direeted towsrd this gorl. A spectro-
photometrie  methad  for  deteeting
blood in intaet egee was deseribed in
1933 4510 A comumereial develop-
ment o this wmethold for automatie
serting ol eggs (223 has proved fo be
more aceurste sad more cconomical
than hamd candling 1123, Siilar
equipment has alzo heen developed
to deteet cortain types of hacterio-
logieal spoilage in cgus (16, 171,

[.ator. explomtory tests indieated
that the technique had o poteptiad
application for the evaluation of the
mterior  guality  of - hoerticultural
products VI8), Thiz broader appli-
eation required a nore efficient light-
measuring =ys=tem beenuse a sample
sueh = an apple transmits less than
0.1 percent of the light falling on it

To explore this teehnigue further,
two distinet types of Instrumentation
were developed: 1) The bietogieal
spectrophotomoter for recurding ab-

"indte pumbers in parratheses cefer {o
toems in Bitersture Ciled, puage 19,

sorption =peetra of intaet samples
18, 18,19, 21, and 12) abridged in-
stranments for making a specifie tyvpe
of measurement (1, 21, The spee-
tropholometer is a researeh tool used
to develop the eriterin for 1 measure-
ment to zolve a speeific problem.
Moestly, sueli a measuremient  has
tukert the forni of an optical-density
differenee hetween two wavelengths
or A0 [Ay — ¢\|;j.

meveral alwidged instruments, using
interference fillers to isolute the re-
spective wavelengths Tor such a dif-
forence  measwrement,  have  hoen
constructed in USDAs Instrumenta-
tion Research Laboratory, The dual-
monochromator  spectrophotometer
t1) was designoed Lo wake the differ-
enee mensturement rapidly and vet
intain the advantages: ol the spee-
trophotonseter by using wonochro-
mators Lo isolate the wavelengths for
the difference measurements. Later
developments bave vesulted B omore
soplitsticated =peetropliotometers ad
simpler, more porfable, ahedged in-
strumoentz for the difference measure-
moents, A protoiype of a portable
difference meter was developed i
1966, snd luter was redesigned, ns
deserthed here,
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DIFFERENCE METER DESIGN

High reliability, ruggedness, port-
ability, cunvenienee, and speed of
operation were considered the pri-
mary requirements for the new dif-
ference meter, A single-heam optical
deaign, using single-wavelength in-
terference filters to i=olate the respee-
tive wavelengths, was eliosen beeause
of bz simplivity, This =ystem -
guires a4 method ol exchanging filters
in the light bheam. A reeiprovating
rlerign was constdered but abandoned
i Taver of a rotating filker wheel,
Fleeht aned others (237 showed the
advantages of this type of optical
unit in the megzurement of low con-

centragions of watey in petroleun
precluets.

The difference mieter waz designed
i fowr part=: Swmple compartmoent,
eptical  unit, eleetronie unit, and
cahinet.

Sample Compartment

A vertieal light path at the sample
position is usedl. A window, wineh
pag=es Hie manochromatie ruliation
to Tluminate the sample, is sur-
rounded by =ponge rubber to hold the
simple,

The ehief requireiment for position-

OiM-23742

Frgca 1 --The hortienltural difference weler for measaring oplieal-denzily differenves
ol inlaet agrieidiueal connuoditios,
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BH2ITED

Friviw, 2-=The phviochmme difference meter doveloped for studving phytorhrome. o
i | £ i
pigment controlling the physiclogiea! development of many plunts,

i the phototube 1= that it be plaeed
a~ elose to the ~mmple as praeticable,
Sipee no eritienl optical alinvnent i=
peeeszary, the phototube is mounted
in the movable part of the sample
compartiment at the top of the instru-
nient. During the mewsurement, this
movable portion ol the compartiment
rest< on the sample, This added
weight on the sample compresse= the
~ponee rubber te conformu to the
~hape of nonsymmetrical sanples,
thus providing an offective hight =eal
at both the window and the photo-
fube. When the phototube housing
1= ¢closed, its hetght varies with the
<ige of the =ample, for sauples 2
inches or larger in diameter. Thus,
with an appropriste readout deviee,
it 1= possible (o0 mensure =ize while
mea=uring the A O1) value, An in-

strument with a sample compartient
of thiz type is shown in figure 1
Figure 2 shows a difference wmeter
designed for a specifie problens; thad
15, for measuring the aetivity of a
reversible  photorveaction  regulating
plant wrowth (9. The instraments
Hhgs T and 2} are escentinlly identi-
al exeept for the =ample com-
parnnent.  In the  plivtochrome
mstrnment, the zample iz permally
a Hauid or a =mall =ecetion of tissuc,
Thus, o large sample compartinent is
not neeessary, but a  convenient
means of irradiating the sample with
redd or [ne-ved light iz dezived. This
s accomplished by mounting o 12-
inch-diiometer wheel on top of the
eabinet. This wheel covers u $-invh-
dizmeter sample compiartment. An
areess port, 1 phototube, and lamps
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PHOTOTUBE
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CALIBRATING
SCREENS, 1BCQ A®M
SYNC. MOTOR

PHOTOSWITCH “A"
3

VOLTMETER

MEMORY
CapaCiTORS A "p™

PHOTOSWITEH "8 |agg RPM Jfz"_-_.
SYNC. MOTOR

T

Fisvue 3. -

FILTER “&"

LIGHT SOURCE

. /

e
FILTER ™B"

e opiteal desdgn ol the difference meler, Ineluwding the basie elemenls of

the- measuring cireuit.

with filters for irvadiating with red
ar far-red light ean be positioned
over the sample as needed. A timer
iz inelurded to control the time for the
trraclinting famps,

Optical Unit

Figure 3 shows the oplical unit
schematically. Thix unit can be re-
moved intact from the instroooent
ifie 4y, The filier wheel, mirror, and
fens wre inoa rigid howdang, When
placed in the eabinet, this housing is
holted righdly to the base and top of
the eabinet.

A S0-watt projeetion Tamp TANA
Code DFCH with an internal refleetor
wi =elegled Tor the Neht <otree. This
lump is about three thnes a= effieient
in colleeting light a= the conventional
lanp and lens system. A variable
voltare trans<former i= uzed Lo power
the lamp. The lamp voltage is nor-
madly hited to 70 pereent ol s
rated value or lesz. At 70 pereent of
ralad voltage, (he required heat dissi-
pation 1= vedueed by 30 pereent and
the lamp Lie i dnereazed 50 times,
with only a 3-pereent saerifice in
the oversll optical-density range of
10.0.

The lamp illuminates a ¥ -inch by
Lo-ineh slit positioned as close as
practicable to the filter wheel. TEach
opening in the Glier wheel can hold
two 2-inch by 2-inch filters with o
total thickness of 0.40 inch, A mitror
provides a vertieal light beam at the
sample position. An [:7 lens used in
conjunction with the DFC lamp pro-
vides a nearly pavallel light beam.
To iHuminate a large area on the
sample, as is normally done with
large samples such as apples, no
other lenses are neceszary. For small
samples, supplementary lenses and
apertures can be used, The relatively
larege, highly aceessible =ample com-
partment permite considerable lati-
fude in the u=ze of #pecial adapters Tor
speeific problems.

An optional filter slot i provided
above the lens. Tilters in Lhis position
are in the heam for bhoth wave-
Tengtha,  Sereens or filters can he
placed here to altenuate the light
heam for measurements on samples
having low optical densities or ta
decreage the stray light transmitted
by the inlerference filters.

A convenient methad of ealibrating
the differenee moter in optical den-
=1ty 1= ineluded with the optieal unit.
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BN-23761

Frovee £ -Optwal nnit Qe and clecironie eluesic {eicht) of the difercnce metor.

An independent 1,80G-rpan, ~yn-
chironous motor = used 1w drive a
wheel containing four openings with
ealibrating =<creens in two adjneent
openings. Thix unit i@ pivoted w0 it
can he moved Lo bring the zerecnz
intg the lieght bemm for ealibration,
in operaiion. the lter wheel and the
ealibraling whoel vofate at svynehro-
nous =peet. With proper phasing, a
seveen will appear i frant of one
filter awl the beanwy will he unob-
strueted Tor the other filier, Thu=,
while ealibrating, one ol the follow-
e four conditions will oceur:

Possibie calibrading positions:
AOD =015 -0 Dy + )
AOD =0, — 0Dy + )
ADD =1 + ) — O Dy
AOD =101+ 0 — 0 Dhy
Normal operation:
A0D =015 — 01,
{' = optical density of screen 1
(" = oplical density of sereen 2

By womentarily interropting the
power to the ealibrating-wheel-drive
motor, the operator ean =hift fromn
vne comdition to another in an identi-

fiable Tashion. The ehange in the
meter reading resulting from intro-
dueing a =ereen into the sys=tem iz
eguated to the density of the respee-
tive =ereen. The zelection ol the eali-
bating =crecns depends upon the =en-
sitivity ab which the instrument will
be operated mweost of the time, but
generally one sereen would be five
times as dense as the other. A stand-
ard, Tormned of ealeiamn carbonate
powder, ix used to provide a eheek on
the =tability of the zero adjustment.

Eleetronice Unit

The photemeter consists of a
wultiplier-tvpe  phototube operated
with o constant-annde-current cireuit
az deseribed in g previous paper {204,

The phototube v energized  di-
reetly from a 2.500-v. transformer
without filtering (fie. 3). The 6842
cantrol tube blocks the positive half
of the cleetrical evele zo that only
the negutive portion of the evele ap-
pears on the photocathode as shown
in fgure 6, With this armangement,
the Tilter wheel must be driven by 2
syoehironous motor with proper phas-
ing #o that a filter appears i the
tieht e when the phototube i3
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Cirentt of the dilicrence meter showing (he photometer, the photoswiteh,

memory eapneitors aml voltmeler with sensitivity and zero controls,

eneraized, Thi= lesign has three ad-
vantages over the previous direet
current desien 1242 11 Fewer rom-
ponents are reguired, 121 the noize
level i= lower, and 13) the phototube
i= not enereized when there i= no fight
on ity that is, during the interval be-
tween fillers, A (811 transistor
carrent amplilier = mounted at the
phototube socket o that the Veed-
haele elreuit tanode of the phototule
to the gritl of the 6842 control tthe)
has suflicient responze speed 1o follow
the 60-eyvele voltage.

Fiuure 7 <hows the optieal density
s, aceelernting-voliage eurve for this
photometer, using a G911 phototube,
The unit exhibits an optieal-lensity
range ol 10,

The aveelerating voltase i= attenu-
ated with the 600 K resizstor and po-
tentiometer 111 for controlling the
voliige to the messwring eireuit =g
that the neon indicator Heht woes an

as  rhe phototube  appronches s
dark-curvent eomdition, When the
instrwment 1= turned on the filters

imay appear in the light heam 90 de-
yrees ottt of phase. This phasing
sitiation i= iudieated by a neon light
ek cun be corrected with switeh 81,

The 43-v. regulator diode proteets
the IN2175 phatoduadiodes which
luive a 30-v. maximum, These photo-
duathodes provide low noise, solid-
state switehing  for  coupling  the
voltage from the photometer to the
wemory eupacitors, The photaduo-
dindes vary from about 10 ol
when dark to less than 10000 ohmes
when illuminatell. Figure 6 shows
how the resiztance of each photo-
switeh varies during one revolution of
the filter wheel, Meehanical switeh-
ing hus not been satizfactory in vhis
part of the circnit. Commutators sod
automotive breaker points with stu-
tionery contacls were tried, but these
deviees developed too mueh noize. A
eirenit with o merenry-wetted con-
taet relay was designed and has heen
used i twe of the differcoee meters,
This sy=tem guve good results, hut
reruired  several additional eoinpo-
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nents, including a separate power
supply.

The instrument normatly computes
an oplieal-denzity difference bebween
fwo wanvelengths 1O Dy, — O Dan )
or A0 Ay — Au). A speeial con-
trol 1R 27 was ncorporated in the
inztrument to permit an wlditional
eopyritation 10 Dy, — K« O Dy
where the value of IV is between 1.0
and 0.0, Switeh 8 3 allows the user
to convert back to the normal opera-
tion withoul changing the value of K,

The relationship between  accel-
eraling voltage and optical density iz
nearly linear over the voltage range
from 200 v. to 1,000 v, The souree-
luenp voltage ean be adju=ted for a
viven toxt fo operate in this range.

Under thiz condition, the voltages on
nmemory ecapacitors A and B will
vary linearly with the optical density
of the sample at wavelengths A and
B, and the difference voltage will
gi\'(‘. AQOD f:\._.\ — Axnl. The 12ATYT
tube provides a high-impedance volt-
weter to measure the voltage differ-
ence between the memory eapacitors,
#¢ that the reading on the meoter is
proportional to the optical-density
difference. A gzero confrol with a
maximom adjustmoent equivalent to
an ophical-den=ity change of =0.7 is
provided by the 10-v. izolated d.e.
power supply and potentiometer R 4,
Larger zere adjustinent ean be made
by attenuating one heam with o
sereen placed in the filter wheel.
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OPTICAL DENSITY
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Cptienl deists vs, volipge etrve of (e photomieler viveail,. A zero optiead

dersity, the bunp wis sl b infepsity wnd vo oplieal atleeation in (e system {no

Wlters or saopleY, When e fillers woere oseritnd in the Bllor wheel the gecelernling

voltage was ahoul 80 solts, With a swaple bovisg n oplienl deusily of 4 in the

svsferty, the photometee wonld Deoal 00 volls and § 200, pe sl the fower ol of e

hieny portion of the curve,

The ~ensitivity i= controlled by
virving thio resistanee o series with
the preter, Six preset sensitivity posi-
tion= tH 3 to R 1, seleeted with
switeh 202, provide full-senle optienl-
density ranges from 005 o 2,00, Cne
additionad  eontinuously  ssdjustalde
sensitivity eondral, R O1L ix available
op the Tront panel fo conveniently
abiain any seasitivity desired within
the ranige of the instrunent,

Cabinet
The calinet for the dilferenee
meter consists of  alomaun sheel

bolted to o rigld frame. Phe frond
and rear of the eabinet are hinged Lo
pruvide convenient necess Lo the in-
terior of the instrument, Bwitelws
and eontrold nsed in fhe normal op-
eention  of  the  nstrument are
niounied on the Tronl door mixd are
veadily aeeessible for <ovvicing, The
rerr vertieal moembers of Uhe eabinet
frame on the horbicullural differones
meter provide the support Tor {he
movable parl of Lhe smaple com-
purimend which moves on o paraliel
arm linkaee so that the phototube
renuting vertieal Trom the open o
elosed position.
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PERFORMANCE

Figure 8 ~hows the response speed
andd noise level of one ol the differ-
ence melers. With a response speed
of about Lo =econd to 90 pereent full
=eabe, the noise level is equivalent to
an opticai-diensity change of 0.0005.

Througli 3 years of use, the only
servicing neeessary has boen an oce-
vusional replacement of a lamp or
vaeunm tube,

The waveleneth range of the in-
=trument = from 400 nm to 1,000 nm.
Athough phototubes e available
that have a response over most of
thi= wavelength region, Tor any one
[rroftem itois inportani 1o seleet a

photatube having a high response for
the wavelengths being measuved, to
maintain the neeesgary wide opticeal-
tlenzity range (table 11, The effective
spectral churacteristie of the system,
which is a function of source, filters,
and phototube, must he such that
the strument measures the density
of the samiple ab the desired wave-
length= For all conditions of the
suniple,

Interfercnee fillers are readily
available for Lthe wavelength range
of the instrument, Fer many prob-
lems, filters with a spectral bandpass
ol 10 nm to 15 nm are neceptable.

C.0C05 40D

mnmé/wfa

TIME SCALE X (0

T

2

TIME,

I I
3 4

SEC.

Frii e 8,—Hesponst apied and naise curves of the difforence meler,
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U Pliatulaes Dated wie these vsed in the Insliamintution Beagueh Laboralors, Other il witll eonn-

gaarahle elaieterisbies can e nsod,

2N dubw ses o different T of socket.

stray hight and exte ordor buwd-
passes of the Glters can be serious
imitabions, particutarly  when the
sl wishes [o measure at a wave-
tength i o region of relatively high
aptienl dlensity,

The instrument s rugged; normal
stresses on the cabinet Uor example,
picking up thie instrument while op-
eriding) canse less than 0001 aptieal-
density change in the ouiput, The
ditTerencee meter, which weighs about
70 pounds, = sulliciently porfable (o
he convemently moved  front one

lhoratory to souther. The instru-
ment is wmwo=t eaxily handied by fwo
persons. Two o operators, one to
record dafa aod the other (o handle
the fruif, can measure apples, or
other produets of similar size, ot the
ate of 600 per hour, An alternative
method is 1o =ort the Dl into sev-
eral eategories rather than o reeord
duli, In that cage, one person ean
handle the aperation at nearly the
same rate, provided there s assis(-
anee in haudling the containers of
fruit.

RESULTS

Horticnltural Applications

Ficures 9, 10, 1, 12, wnd 13 <how
severnl appliestions ol the differenee
meter,  Additional Information on
twelve applieations is lsted in talle
2. The wavelengths zeleeied for caely
mensnrement are the result of n re-
searth =tudly on the partientar prob-
lew, using & biologien] speetrapho-
tomeicer, Details of these stulies can
I secured from the Hiterature eited.
The difference meler 10 used o mauke
the mensuretient shown. [t would
nnt be practical {o use the difference
meder to develop suel o measurement,

Rewdings on the diflference ieler
are based onoan arbitenrey seaie of Q
Lo 100, "This can be calibrated. The
usual proeedure i (o adjust the in-
sirument su that the range of siplos
being menstared is displaved over the
full seale, with one extreme condition

ol the anple fgenerally neh qual-
Unt resding near 100 and the other
extreme reading near zera, This rela-
tionship ean be veversed by exehang-
ing the filters in the flter wheel.

For the peaches, eherries, adl Lo-
mutors Hustrated i figures 8, 12,
il B3, the maeter seale was arbi-
travily divided  into several equal
parts and the produet =orfed Into vor-
responting ealegories. I deleeling
hullow heart in polatoes, a preelimi-
mary test was made Lo determine the
value on the meter seale to use for
sepurating  the polalocs into eafe-
vorics with o minimum nuwber of
errors,

Biochemical Applications

A two-wavelengtly, opltical-densily
dilference measurenent as made by
the differenee meter is a valuable ool
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Fiat ik - Pewelies sorted for muariiy. Elberta peaches were harvested and sorted
inle & eategories with the difference meter, Thi= picture of the cut peaches wis nkea

<hoetly afier the peaches wore =orted. Mogstecmenti— A O D {T10am—700 nm). Full
seale £ 00D sensibivity -1
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Froces 10, Hollow heart deteeted nondestructively in poiafaes, Patatoes were gorted
willh the differonee meter into 3 ewtogories prior to cuiting wnl phetographing, Meas-
urement—2 01 (800nm—710nm}. Full seale A O D =ensiijvity—086,
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for Bochemiend rescareh. Measure-
ments of the concenteation of specifie
rompuunds ean be made in e pres-
enee of  waey  other  =nbstances.
Chanee has used this ovpe of meas-
urenwent exten=ively in the =unly of
cozvine =vefoaas for makine optical
mensuremieni> on sumples containing
rehi-~cattering material= $70, The
istetnuentation developer] by Chanee
i operates 1o the den~ity range of
0.4 o 2.0, The dilference meter wys
developed 1o operate over o maeh

wider optienl-density range (30 1o

IBTRETTANE]

[0 with ~amples having dense light
~rutiering,

An imporiant cffect of the light
seattering i sueh aunples = oan in-
erease in the effeetive path length of
the ight passing through the sample
71, This meanzs that very low con-
eentragions  of  plmuents can be
detected, Tn addition 1o the lieht-
seagtering  effeet, intact  biological
tizetie norinadly contames several en-
eroy-aheorbing substances. Consid-
erable attention must be given 1o the
~veleetion of the waveleneths used in

Woartor vore debeied gomde-tonesn el o apple-. Ajeple- an each gromp wer:

=D don b bosis of havmg comparable voading- on the difenepee metor, Memsue-

Tttt SO B

SOOHD) Si0met. Full el 0V cemsitivigy <10,
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Frare P20- Reel ot clwnrue~ ~ostcd dov amthoesvanin paoweniaiion,  Chemdes of the
Mophmoveney vari 1y were sien-oved aod ~ovted g 3 eapeeorioy o harvestiime, The
ehwrries wiore pitted, eanned, e <tocod for about 3 manthes tien the e were openml
ad the ehervie were photographed. Menswrement -5 01 6380mn 520 wa). ali
seathe A DD senstlivity—1.3,

P L

9/28 N/

P, B3 Juiee of topndor ~ dhat were sorted for interpal eolor, Afler hiaevosiing,
toanatoes wine soviod mto 1 eatezovn~ with the ddiorenes merer, Each eadegory was
suieed and samples of the abtemaie cwaegories are shown hece, Viewed externully, n
fow of the tommioe o the eatezory 10-20 conld ave boen elassed - enlls, but otlier
e thaet s catewenny appisoes] thee st - some of e orsors 0 e G3-100 eate-
worv. Subeecguent n-poetion of the et tomate verilied the evaluntion sde by ihe
ifivrener outer Messapement - O 1) (820mm—670mat, Foll sade A O D sepsi-
[FLS TR {5

a Jiflerenee peasnreinent ~o the con-

pending on which forn: the plgment
centration of the ~ub=tanee in ques-

i 1 This pigoent control= eertain

tion can be evaluated oo valid  growth characteriaties, ~uch a# gor-
nnner, mination, Howering, and elongation,

In the USDAS Plant Phyvsiology
Pioncering He=careh Laboratory, the
dilference wewer has proved 1o he
sir expremely useful ool in the stwdy
of phvteehrvanie,  Phyrochrome i a
veversible pigmoent that exi=t~ in two
fort~; it eatr be ehanead from one
formy to the other by Daminatinge it
with et Dehr or far-red lishe, de-

of many plants,

By means of a hiologieal =pretro-
phiotometer, it was extablizhed that o
Z 0D 1660mn—7300m  measure-
ment could be used W as=ay the re-
versibility of phytochrome. That i,
ieasarements wre made after itlnni-
nating the ~ample with red lght and
with fur-redd fhehit; the differonee be-
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tween the measureiments serves as
the intiex ol the activity of phyto-
chrome, This ix normaily referred to
as A [AO D 1680nm—730nm:].
These measurements can readily e
maie on the phytochrome difference
meter (fig. 23, Since fresh tiszue can
he used in the instrument, many
plant materials were evaluated  as
potential  sources of phytochrome.
The

Lest spuree turned out to be
dark-prown  =eedlings. A typical
SA O D) value Tor o 1 S-vm.-ihick

saniple of Jdark-grown seedlings is

£, DEPT. OF AGRICULTURE 19

0.03. The concentration oi phyto-
ehirome in =uch a =ample iz in the
order of 5 x 105 X[ {6).

The difference meter was used in
the precedure for extracting phyto-
chirome 1251 where a measurement
to deteet phytochrome could be made
on the original tissue, a suspension of
the ground tissue, the extract, or the
restdue. Furtheriore, the instrutent
has Been vsed to observe changes in
the pigiment in live intact tissue 0= n
funcrion of changes in illumination,
temperature, thue, atmosphere, ete.
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