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INTRODUCTION

Kany papers on the chemistry of starch have boen
written over the years and are still being published
on various phases of the subjeot, However, ovne aspect
which has been eoxparatively neglected is that of
analytical methods for tue quuntitative dotermination
of small amounts of starch in plant materisls,

Bsocause of the iuportance of starch data to studies
of plant metadolism, 1t seemed desiradble to determine
the effectiveness of some of the analytieal procedures
which have appeared in the literature, The problem of
such snalyses is threefold: 1l. the preliminary treate
ment of samples prior to analysis; 8, the somplete
oxtraction of stsrahy S, the sacurate evaluation of
starch with the exclusion of any other carbohydrates
which may be present. The work to be dlacussed deals

with these three plases of starch analyses.



WTANATITATY,

some study has been devoted to the effect on
staroch content of preliicinary treatment of plant
materiecls prior to snslysis., In 18935, bLrown and
iorrls (1) reported observations on the effects of
temperature, loss of water, and snesthetics on starch
dissolution in tree leaves, ireezing of lexf samples
was found by Spoehr anAd ¥1lner (”) to prevent deple-
tion of starch., %“roatzent of fresh plant material with
toluene, chloroform, and other anesthetiss was reported
by Spoehr and Vilner (3) to preserve starch,

Of the many sgents which have been used to dissolve
starch, concentrated ocalcium chloride solution is one
of the oldest and 1s ati1ll used for that purpose, As
early sas 1860, Flueckiger (4) reported that starch
could be dissolved 1n cslcium chloride solution. Fellen-
berg (5, 6, 7) devised procecdures for the determination
of pure starch and starch in plant sa:ples using cale
eium chloride snlution as the disporsing agent. Several
studles were made by Leiny (3, 9, 10) corparing calolun
chloride extrection of starch from plant tissues with
direct asid extraction wethod of "ask (11) and direct
melt diasstase hycrolysis procedure used by "slton and

Coe (12)s Sullivan (13) reported optirum conditions



for extraction of sterch from plant matter with esalciun
chloride., More rocently, calcium chloride extraction
has beon applied to pluat waturiels coantalning leas
than 10 per gent starch Ly Hoffpaulr (14, 15), A new
method for starch determination in leaf sarples was dee
soribed by Chinoy (l€) using dilute potssailum hydroxide
to extraoct stareh, XNie:ann, Roberts, and Link (17)
chose sn sthanolenitrie acid nixture te solubllize
starch in woody tissue prior to extraction of staroh
with 20 per cent agueous etuanole 4he procedure dee
soribed by Fanes (183) for extrasting sterch from plant
moterial sucih as apple frult involved the conversion
of starch to a Lighly soluble form by heating the tissues
in slooholie Lydroci.loric ecids 1w0ilin;; water was then
used to extraot the solubilised starch from the tiasues.
Hassild, Yolready, and losenfoels (19) adapted the method
outlined by lsnes (1) Lu vue udcterulaation of starch
in leaves and various other tvnes of plant raterials
for which the original procedure vwers unsctisfectory.
After its 1solation, starch has been evaluated
in 8 number of ways. Fellenbarg (5, 6, 7) precipitsted
nstarch from solution with fodine and collected the
starch=iodine complex on a Gooch crucible. 4iftcer tlrore
oughly eaaiding tle prooipitate, the crucible wss éricd

to constant welsht, imited, 814 rawetrted, Thre loss



in weight was conaldered to be amount of starch present.
Gravimetries evaluation was used also by Rask (11) who
precipitated starch from solution by addition of ethanol
and collected the starch by filtration for direct weighe
ing. Chinoy (16) precipitated starch with iodine and
weighed the starch~iodine complex, Iodine solution was
used also by Sullivan (13) to precipitate starch from
ocalofum ohloride solution. However, in this case the
starch was subsequently hydrolyzed with hydrochlorie
acid and reducing power was taken as a measure of glue-
cose, which was used as the basis for caloculation of the
amount of starch originally present., Hoffpaulr (14)
published a modification of the Sullivan (13) procedure,
Walton and Coe (12) incubated plant material malt
B-amylase to hydrolyze starch without preliminary
extraction, Peotin was rewoved by precipitation with
aleohol, and the resulting solution was treated with
acld to completely hydrolyse any dextrins and maltose
before determining reducing sugars, MNalt Be-amylase

wvas used by lianes (18) to hydrolyse starch, wheresas
Hassid, MoCready, and Rosenfels (19) used sslivary
amylase in their procedure to convert starch to male

tose and dextrins,



FXPERIMENTAL

Plant samples analysed in the present study were
obtained from the experimental plots of the Department
of Soil Seience. The plants selected were alfalfa,
Medioaso sativa, just before blooming, and second growths

of brome grass, Dromus inermis, reed canary grass,

Phalaris arundinacea, and orchard grass, Dactylis

lomerata, hereinafter to be referred by the common
names. None of the plots sampled had been fertilised
or irrigated.

Samples were taken at about two of'clock on after-
noons of clear days with temperatures of 85° F, or
above, All plants in an area of approximately four
square feet were cut about two inches sbove the ground
with shears. As soon as possible after cutting, the
samples were taken to the laboratory where all dead
plant leaves and any extraneous matter were removed.

Each plant material was divided into approximately
four equal parts for curing by four different methods.
The first portion was spread out on & table and allowed
to dry at room temperature until brittle. A second
portion was placed in e drying room at 50° C. for
twenty=four hours. Another portion was dried for eighteen
hours in an electric oven at 85-90° C, The fourth pore

tion was frogen and then placed in the electrie oven



and dried for eighteen hours at 85-80° C, A total of
sixteen samples resulted from four methods of handling
each of the four plant varieties.

After drying, the samples were put through a large
Wiley mill equipped with a coarse sieve prior to final
grinding to €0-mesh with a semi-mioro Tiley mill,

Defatted corn starch was prepared by the method ef
3choeh (20) for use aa & standard in recovery tests,
Lipids were removed from 5 ge of corn starch by Soxhlet
extraotion with 95 per cent sthanol for 48 hours, Ex-
cess s8lcohol was removed from the starch by allowing
the paper thimble holding the sterch to stand st room
temperature overnisht. i'inal drylng was sccomplished
by spreading the starch omt on a lerge wetch glass and
and heating for 24 hours in an eleetris oven et 105° C.
The dried starch was placed in a surll weighing bottle
and stored over calch:::; & deslocator,

A portion of each plant sample was taken for
rolsture detorazination a«t the same time that samples
vere wei‘ched for starch anslysis, Hoisture content of
the dried plant material was measured ty plecing 6 g.
of sample in a special aluminum pan and drying st
1002 C. for 24 hours in the Brabender molsture tester.
The poer cent moisture was obtalined by nultiplying the
Brabender scale reading by two since the molature
tester 1s ocalibdbrated for 10 g. sarple weightas,



Duplicate smounts of 0.6«1.0 ge¢, depending on starch
content, of each sarnle of a svnecifisc vlant variety
vere weighed on the same day for extraction by the
three diffsrent procedures studied as described in
succesding paragraphs. For exarmple, six 0.5 g. pore
tions of each of the four alfalfa samples, cured by
different methods, were weighed into appropriate vese
sels, 200 ml. Pyrex centrifuge bottles for ethanole
hydrochloris acid and potassium hydroxide extractions
and 150x25 mm., Pyrex test tubes for calcium chloride
extraction, Thus, all analytical results for a given
plant sample could be calculated to & coumon dry weight
basis requiring only one moisture determination.

For the solubllization and extrsction of the starech,
three procedures were used. 7the first one studied was
that of Hassid, Yolready, and Fosenfels (12), The
second procedure used was based on the method described
by Chinoy (16). The third method followed the suge
gestions given by Hoffpaulr (15).

In the first procedure the samples were refluxed
in a bolling water bath for twenty minutes with 100 ml,
of 95 per cent ethanol, The starch was solubilisged
by adding 1 ml. of concentrated hydrochloriec escid
through the top of the reflux condenser and boiling for

fifteen minutes longer. After cooling, the sample wss



eontrifuged to pack tlo pluut residuee -“he ethanole
hydrochloris acid was drawn off, and the residue was
waghed twice with 25 ml, portions of hot €5 per sent
ethanol. Koxt, the residue was boiled with 100 ml,

of distilled water for five minutes and then placed in
a boiling water bath for thirty minutes to dissolve the
solubilized starche “he nixture wus cooled, centrifuged,
and the supernatant liquid decanted into & £30 ml,
volumetrie flssk, Two £3 m»1, portions of hot &istilled
water were used to waah the residue, and the washings
were adaed to the solution in the volumetrie flask.
Solubilization wns repeated with 60 ml., of 95 per cent
ethanol and 0.5 ml. of distilled wator to dissolve any
renaining starch, 7Tre water extract and plant residue
were transferred quantitatively to the volumetris flask,
A rubber poliseman wns used to scrud the lsst traces

of starch from the centrifuge bottle., After cooling,
the contents of the flask were dlluted to volume end
filtered,

Hydrolysis of the starch in the squeous extract
was carried out in the following wuarmere A 25 ple alie
quot was pipetted into & U0 rl, volumctrio flssk, 2
mle of 0.2 ¥ s0dium nasetate huffer of p” £,6, 4 rl, of
0.25 ¥ sodium chloride, snd 4 nle of saliva which had
been diluted 1:1 wilth wuter snd filtered wore added, wnd

the mixture was kopt &t 37«40° C, for four hours. After



the hvdrolysis poriod, 1 ul, of saturcted noutral luad
acetate vag added to the dizest to preaiplitete watere
soludtle proteins and nuascaruvv:iyurate roduacing sube
stances, The flask wag sbal’en end allowved to stand
ebout five minutes, Txcess lesd wag re-oved by adding
4 1, of saturated dlsodium phosphate, The solution
was @dilluted to volume, mixed, and filtereds A second
25 ml, sliquot tsken for a blenk was trzated in the
sane way except that the diluted sallva sdded Laud deen
inactivated by bolling for five wuinutes.

Fedusing values of tre hylrolyzed erarple and dblank
filtrates woere d:tcruiined as followss Five nl, of the
solution, contalning not wore than 4 nrg, of rsltose,
and 5 mle ©f alkeline potesslium forricyanide, containing
8.23 go of potassium ferricyanide snd 1l0.t ge of sodiun
oarbonate per liter of equeous solution, were rmixc’: in
a 150x25 nmme Pyrox tout tLubu wad licuted in 8 bolling
water buth for exactly fifteen minutes, After eooling
the mixture by immersing the tude in cold run:uing water
for three minutes, 5 ml. of &N sulfurlc acld were
added end thorourlly mixed with the contents of the tube,
Ten drops of Setopalline C indleator weore adied, &nd the
solution was titrated to & golden Lrown color with
0.0093 K ceric sulfute using & micro burette.

The esrie sulfate snlntion nsad to titrute the starch

extracts waa standurdized with glucose solution.
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Standard glucose solution containing 1 rge. of glucose
per xl. wes prepored by dlluting 10 rle of 1 per cent
£lucose solution to 100 tle Irom 0.5 to 2,5 nl. of the
diluted glucose sclution were pipetted into large test
tubes and dlluted to 5 mle with satere. kive ml., of alkae
line ferricyanlde solution was edlsd to euch tube fole
lowed by beating for fifteen minutes, After coolling, B
le 0f & ¥ sulfuric &«did snud 10 arops of teLopeline C
indicator ware adled, ™ e marnles ware titrated witd
cerio sulfute in the seme manncer as the plant sasple exe
tracts, It was found as shown in Table I thet 35.220 ml,
of the cerisc sulfate wus equivialent to 1 rige. of glucose,
In ter:s of meltose, 2.576 ml, of Lhe ceric sulfete was
equivalient to 1 =ge o838id (£1) reported that 3.0 rle.
of exactly 0,01 ¥ crric smlfate wnus equivalent to 1 mp.

of glucose. From tl:is relationship, the normality of

the cerlio sulfate used in the present study wea calculated

to be C.0093.

Table I

Standordizetion of Cerle Sulphate

i [} (] ] L
¢ k1, standard * 2, oOf ' "le Of cerie ' *1, of corie!
' pglucose ! 1aza1e ' mifete * sulfste per !
¢ gsolution ' ' ' rge flucose !
' ’ ’ ' '
TW
' 0.8 N 0.8 ’ 1,600 M 3200 '
! 1.0 ' 1.0 ’ Ser'iB ' 3e2.8 '
! 1.8 ' 1.5 ' 4.845 ' SalS '
' 2,0 ' 2.0 ! Ged? ' Sell4 '
' 245 ' 29 ’ BeOuLY ' Se 223 '
' — ¢ d '.“'.‘3. Se 20 ’
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A linear relstionship was found to exist between
glueose oxidised and ferrieyanide reduced under the ti-
tration conditions used in the present study. Iy plote
ting the nuwuber of mge. of glucose used to standardize
cerie sulfate against the mmber of ml, of 0,0093 N
oerie sulfate required to reach titration end-point,

a straight line was obtained as shown in Figure I. This
result agreed with the findings of Helnze and Murneek

(22),
Flgure I
Glucose~vuric Sulfute
Relationship
205 r.
2.0k
xg. =
Glucose 1.5
l.o -
0.5
‘ 1 M | 1 q [l [ |

N
Il 2 3 4 5 6 7 8

Kle 0.0093 N Cerigc Sulfate

To calculate the reduoing power in terms of male
toss, the net titration wvalue of the plant extract,
obtained by subtracting the ml. of 0.0093 N ceric sulfate

used to titrate he blank froa that required for the



hydrolysed sliquot, waa dlvided by the mwber of ml,

of 00093 K oeris sulfate eyuivalent to 1l rg. cf male
tose; 1. 0., 2,576, “tavck equivalent rea found by
dividing the amount of maltose by the hydrolysis limit
0.890, as established by Yassid, NcCready, and Fosenfels
(19)e¢ The above calculations mey be combined in one
formula &8 follows:

(mle 0.0C93 ¥ mle 040003 i )
(ceris sulfate _ cerle sulfate)

(for saxnle for blank )
(titration titration iz 100 -
. x 100 = ¢ Starch

5ge Of plant sauijle X 0.890 x 2,576

For the secoad extraction procodure, that based
on tho mothod of Clilnoy (16), an app™opriate wel«ht
of plent sanmple in & 200 ml, Pyrex contrifuge bottle
fitted with a roflux condensar was kaated with 70 ml.
of O.7 per eent potasslum hydroxide for forty rinutes
in a boiling water dath, 2After the vreliminery heating
perlod, the sarmple wus bolled flve rinutes, cooled,

centrifuged, and the solution wus decanted into a 200
mle VOlumetric flask. The extrasction wans tlen ree
peatad with 5O rl, of the 0.7 per cent potassiun hye
droxides Lue entlire countents of the centrifuge bottle
vare transferred to the volumetris flask, dlluted to
volume, &nd filteraod,

Two 20 mle silqaotl of tliec flltrete wcre taken for

hydrolysis and for blank detertination as outlined ubove
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except that 4 N acetia acld was added to adjust the
solution to a pH of H.6 before addition of the diluted
saliva,

The eéalsium chloride solution used for the tiird
extraotion procedure was prepured Ly &wiing ¢ wle of
0.8 per cent acetic acid for sach 100 nl. of slightly
alkaline saleium shloride of 1,3 density as described
by Hoffpaulr (15)e Five mle of osleium chloride vas
added to the sample in a Pyrex test tube measuring 150x25
mxa, The tube was lieated for fifteen wlnutes in an oild
bath at 120° C, During the heating period, the suae
pension wss stirred thoroughly with a ;lsass rodes 4he
sample was o6ooled, L0 rl, of water added, &nd the
tudbe contents were tlhoroughly mixed. after centrifuging,
the supernatant liqu!d was decented into a 220 ml,.
volumetrie flaske A seoond extraction was carried out,
and the sample was transferred Quantitatively to the
volunetric flask and diluted to volwane with water,

The solution was filtered and 25 nle. of aliquots
were taken for analysis. ULilute sodium hLydroxide solue
tion was edded to sdjuast the solutions to pf £,6, The
solutions were treated ss before except trat no sodium
chloride was adced prior to hydrolysise In the evaluae
tion of reducing powor, the houting period and rwanner

of titration were tiie sume us descridbed beforee
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lowever, the anounts of alialine potassium ferrie

riethods studled.

oyanide and of 5 W sulfuries acid were increesed froo

S to 10 ml,

Tecovery of adled starch was determined on duplicate

samples of alfelfa for sach of the three extraction

ixactly 60 mge of dry cefatted sterch

was mixed with £00 rmg. of alfalfa which had been dried

at 50° Ce

Starcin extractions, hydrolysis, and detere

mination of reducing vower were carried out as previously

described.

Table 1X

The results are given in Table II,

Recovery of Starch from Alfalfa Lried at 50° C.

' T Lthenol=rCl ' O.7 per cent ! Calclum T
' ' trestment ! potassiunm ' chloride '
U Sammple ' followea uLy ! hycaroxide ' extraction !
' * hot water ! extraction ' of starch !
' ! extracstion ' of starch ! !
' ! of stareh ' ' '
! v |} kL | ]
' 500 mg. of ' 35.29 mg. ' 28,79 mge ' 38.39 mge !
: alfalfa ! J4.96 nige ' 2716 mge ' 38463 mge !

] ] ] ]
: A'QI‘GEQ ' 35,18 mge ' 27.97 g ' 38,51 mge !

T ? | J ]
? ) . B 1] ]
t 500 mge of ' 87.24 mge ' 71.63 Lig e ' 92,90 mge !
' alfalfa plus ' 86.20 mge ' 72,86 uge ' 92,70 mge !
! 50 mg. starch! ' ' '
: Average ' 8702 wge ' 7210 mge ' 92,80 mge '

' ' ' '
] L B ] | §
! Etarch ! 51.84 nmg. ' 48,13 mge ' 54,28 mge !
: recovery ! 103.68 » ' 90.26 % ! 108,56 % '

’ ' ' '
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To tost the solubllity of pure starch in the oxtrae-
tion reagents studied, 100 mge. of starch wos weighed into
aphronriate vessels snd treated separately with ethancle
hydrochlorio scid followed by hot weter extraction, with
047 per cont potassiun LjWoAlue; &Ld with calclunm
orloride so2lution. ™Tha stareh anneared to 4lssolve cone
pletely in the hot weter snd in the potassium hydroxide.
Hiowever, sarnles trestad with calefum chloride formed a
gel at the bottom cf the tubes which was difficult to
reove comnletely. On hydrolysis for two hours with
2 ml., of acetate huffer, 2 nle. of 0.25 N sodium chloride
solutlon, and 2 wl, of diluted saliva as outlined by
Erssld, “Yo"ready, anl "osenfels (19) and deterrmination
of reducing values, erraetic results were obtained., The
results in terra of per cent starch for duplicate sauples,
excapt iIn the case of caleiwa chloride treatment, are

showvm in Table 11X,

Teble IiI

Per Cent Starch 1a Pure Lefatted Lauples

Ythanol=+C1l

¥ i ) ] L
' ' 0,7 per cent ¥ Csleiun ¢
' treatment ' potassium t chloride '
! followsed by ' Frrydroxide ! extraction !
' hot watep ' extresction ' '
! extraction ! ' '
] L ¥ ¢
t 102,76 ! 45.18 ’ Léecl '
' 9340 ' 77054 ' '
J [} | ] 14
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"“he gclubllizntion by ethanolehvdrccl:loric acid
followed wita Lot water extraction end by 0.7 per cent
potassiuw lLydroxicde were repected on 50 1ys of defatted
corn starsh. Dluplicute sanples wure anulyzed in both
cusese In the hydrolysis procedurs, sliquols of the
stsrch solutions secrc hydrolyzed for two Lcours with 2 xl,
of ncstate bulfer, & ile 0l Ued N soulua cliloride solue-
tion, and 2 rl, of dlluted saliva ms descrited ty Hassid,
YoCroedy, snd Fosenfels (1?), GSecond sliquots were
hydrolyzed for four hours with 2 ml. of Luffer, 4 ml,.

£ sodium chloride, und 4 1, of diluted saliva, DLetter
egreoment of walues wss obtalned with the lornger Lhydroe
lyals perlod und 1lacressed snounbs of reagents us shown
in Tabla IVe V. Lle Lusis of tiiesc expirirental ree
g1lts, the extrasts from the rnlant asenmles stulied were
Lydrolyzed for four Lowrs with the lerger volunes cf
rongents sxcept for s1i.u8 varlations 1a the prosedure
for potassium hydroxile and for calceliua clilorlide extrnots

as nmantioned previously.
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Tuble IV

Lffect of Fydrolysis Conditions on
Kesults of fnalysls of Pure Starch

‘o-nocc--o“‘-‘-“-‘

¥ 1
‘ ' Tthannl-¥C1 ' 0.7 per cent
Eydrolysis . treatnent ! potassium
Concéitlions ! folloved by hot ' hydroxide
'vater extraction ¢ extrection
! ¢
L] L
2 hours with 2 nl.' - 25,10 5 ' 88,70
tutfer, 2 rl, ' $1.50 A ’ fEe31
sodimm shloride, ! '
eand 2 nl, dilute ! '
soliva ' '
' R
- : LJ i
4 hours with 2 ml,' 6775 ' 954851 &
buffer, 4 ml, ' 97,03 “ ' QR €6 7
godiwn chloride, ! '
and 4 wl, dilute ? '
sallva A ’
' '

L I I IR B B B B R NS I R R R




RLSULTS AYD DISCUSIION

The percentages of starch found by each of the
three solubilising procedures dosoribed above &nd obe
tained for each of the four plant subatances used are
given in Tables V, VI, VII, and VIII.

Methods for preparing samples for analysis were
selected from the literature and represented the proe
cedures cormonly used to dry and grind plant materials.
One portion of each plant material studied was aire
dried at room temperature to similate &s nearly ss
possible the drying of hay orops in the fleld. Inrying
at 50% C. in a wara room equipped with a ventilating
fan and at 83-90° C. in @n oven were used to determine
the effect of temporature on staréh eontent, A part of
the fresh plant materiacls was frozen before final drying
at 83«90 C, to deteruine the effect of low termperature
on starch dissolution in the plant materisls &and slse in
an effort to rupture the cell walls and thus mske starch
extraction uore coxplete. CLumples dried at room tenperae
ture and at 50° C, had a green or yollow=green color
vherecs samples dried at 65-80° C, showed Jittle or
no brownlng with the exception of brome gress which
turned dark brown. JCanples which were frozen turned
dark brown on drying in the oven.

The dried samnples wers ground to 60-resh as
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Table YV

Per Cont Cterch dn Alfalfa
Caleculated to ury .elght Iasis

(sach value glven rogresents a sepyarate sannle)

i T L g

¢ ' "thanolei'Cl * 0.7 per cent' Crlcium

' Sample ' troatnent ! potsssiuwa ' chilorice

! t followed by ' hydroxide ‘' extraction

' ! hot weter ' extraction !

! ! extraction ! ’

|} T t .

] A ] L |}

t Alredried ' 1.121 ' le17 ' l.027

J at room ' 1,074 L 1.074 ' 0933

' tempersture ! 1.110 ' 1,125 ' l.192

' ' 1.116 ¢ 1.000 ' 1.117

1 t ]

| [ ] v 13

'  Yiarma room ! €e041 ' R FIX t 7,788

' &t 50°C, ' 7,127 ! 6,988 ' 8,053

’ ' 7011 ! 6.071 ¢ 74781

: : Ted24 : 6,118 t T.963

L

] s ] [

' Jvone-4dried ' Ce7086 ' He4 L9 ' 6,569

* at 85000 C, * €507 4 Helb9 t 7e004

' ! SR ¢ 4,454 ' 672

. ' 6589 ' 4,202 ' 7.000

* L] t ’

] v ) [}

* Frogzen and ¢ Teuidd ' 56709 ' 8.097

! oven=dried ’ 7578 ’ 5.143 ' 7.424

J ﬂt 850-900 C. ¢ 7."4"1 ’ “.7”’9 ¢ 70770

: ' 7.454 ' 4,448 ’ 7.963
] ? ?

® B G D B G D @ WV B W DD DD DWW D WG GO @ ® W@ S @ S



“ehle VT

Per (ont Ltarch in Feod Cenary Grass
Calculated to Lry “elght lMosis

(Lach value glven represcnts a sepsrete samples)

S

M ¥ 1) '

¢t ithanol«=XGl ' 0,7 per cent Calesium !

Tsuple t trestment ' notessiur. ' chloride !

! folloved by ' hydroxide ' extraction '

' Lot eutep ?t extroction ! '

' extiwction ! ' '

L] L} ] 1

) N T '

Alr-dried ' 0.9NR ! NJARY ' 06347 '
et roonm ' CeZ30 ' 0371 ' 0,440 ’
temperature ! 0,258 ' 0e543 ' 0395 '
' 0730 ' 0. 250 ¢ 0.278 '
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recommended by Hassid, MocCready, and Rosenfels (19).
Chinoy (16) ground samples to 100-mesh whereas Hoffpaulr
(15) suggested grinding to finer than 80-mesh, Malhotra
(23) determined the effect of fineness of material on
chemical analyses and found that the point of diminishing
return occurred at 60-mesh., In grinding the samples for
the present study, some of the woody structural portions
ﬁf the plant materlials remained on the screen of the mill,
but in general, the plant samples were fairly fine and
powder-like.

In the evaluation of reducing power of solutions from
calcium chloride extraction, a white precipitate formed
on addition of alkaline potassium ferricyanide which dise
solved readily in 5 N sulfuric acid. The effect of this
precipitation on the reaction of the reducing components
with the potassium ferricyanide was not investigated,
However, to insure an excess of alkall and»potasalum
ferricyanide, the amount of alkaline potassium ferricyanide
added was increased from 5 to 10 ml. Subsequently, 10
mle of 8 X sulfuric acid was added to maintain the same
relative acid concentration in the final titration.

In the present study, salivary amylese was used as
the hydrolytic agent for starch in the extracts obtained
with three different reagents. Salivary amylase is
aotive in the presence of fairly high salt concentra=-

tions., Sodium, potassium, and chloride ions activate



the hydrolytie sction whereas Yneon, Sandstedt, and
Hollenbeck (24) report thet cslcium ions exert a stable
112zing effect on o< -anyleses,

“here 1s soms dissgresment among wvarious authors
concerning the finsl prouducts 0f sallvury aiylase hydroe-
lysis of astarch, - wanson (25) renorted slicht meltsse
sotivity after incubating eorn starch with salivary
anylase for more than twenty-four hours, bLourne, Iayworth,
Vacey, and Peat (2€¢) found no increasse in reducing power
vhen salivary amylase wes inoubated with meltose, indicate
ing the sbsence of saltase. In studying the end products
resulting from the action of salivury oLeanylase on potato
amylose, "oberts snd “helan {27) found & mixture of rele
tose &nd naltotriocse in the moleculsar proportion of
2.39:1., iassid, i'cCready, and [osenfels (19) calculated
the reducing values found in terns of waltose asswuing
that no glucose wus formed, Al1l80, the last numed authors
found that less than 1 per cont of dextrins rensined
after hydrolysis of sturciu siwi sallvary scylase,

The limiting hvirolysis velne of 0.89 for sslivery
ernylase was found by l'assid, Yelready, and Posenfels (19)
to be constant for starches from different sources snd of
varying concentrations, Alao, the hydrolysis limit ap-
peared to be constant for salivary amylsse froa éifferent

individuala. “herefore, it was reasonably safe to assune
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that the 1limit held for the present enslyses.

Results frouw sa.ples uried in diffcrent ways, ‘ifables
V throurh VITII, stow some vrristinna which seem to be
depe:ident on the type of plant meterisl studied, Alfalfa
which was frozen and trhen urled contalned rore starch tlen
sanples preparcd bty the other curing methoda., 7“he ovene
dried sample of reed cansry gruss had a Li her content
of starch vhereas tlie sarple of orchard gruss cured at
53° Co contained a g reéutur wwwunt of sitirche In the cese
of brome grass, the different 4drving procedures had little
ef"ect on the starch present, All of the plant varieties
had the least amrount of starch in the siredried samples.
“he analytioazl results for the frozen ssmples right be
expleined on the basis of findings of Lpoehr and Lilner
(3) thet some plant risterials slhiow an incrcuse in rate
of atarch dissolution witia a decroase in temnersture,
Treatments whiech destroy protonlasm, smch &8s freeging, do
not necessurily dostroy enzyme sctivity. YNowever, in
general, no starch dissolution occurs perhaps because of
formation or deposition of msome sort of protective
materiasl around the starch granules on ucstruction of
protoplasnme Spoehr end Milner (3) also found that loss
of water from leaves, &as in wiltlng, cuuses an increuse
of starch dlssolution which may ascount for the low starch
content of the sir-dried samples, Cince arylase activity

ssems to follow the reaction rate-tempersture rule, 1. e.,
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& 10 degree increase doubles the rate of reaction, at
temperatures whioch do not destroy the enzyme, the rate

of starch dissolution should be greater in plant samples
drtled at 50° C. end at 85-90° C, than at room temperature.
However, if emylase were capable of hydrolyzing starch
for a muach shorter period of time at elevated tempera-
tures than at room tewperature &s & result of enzyme
destruction or formation of s protective msterial around
the starch grenules, then one might expect s Ligher
starch content in samples dried in the warm room end dry-
ing oven than in thoss which were sir-dried.

}n general, starch values of samples extructed with
calocium chloride were higher and those from 0.7 per cent
potsssium bhydroxide were lower than those from ethanol-
hydrochlorie acid treatment followed by hot water exe
trqotion. fhe blank titrations from ethanol-hydrochlorio
acid treatment followed by hot water extraction were
less than 1 ml. of 0.0093 N cerioc sulfate indicating the
presence of a small amount of non-starch reducing sube
stance. Blank titrations from 0.7 per cent potassium
hydroxide and from calclum chiloride extractions were
rather high, ranging from 1 ml, to 6 ml, of 0.0093 N cerisc
sulfate. Hemicellulose and pectic substances were proe-
bably extrasted with dilute potassium hydroxids. Also,
any sugars present would be extracted and might resot

with the potassium hydroxide. The calciwa chloride
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solution used was acldle &end may Lave reacted with hemie
celluloase and pectic subatances to relesase reducing
materials., Also, sugnrs in the plant materials would be
extractedes In both potussiua iydroxide and calcium
chloride extrsotion, a considersble emount of the chloro-
phyll in the plant sanples was extracted as evicdenced
by green solutions., Addition of lead escetste aftor en-
zymatic hydrolysis would remove much of the reducing sube
stances present, !lowever, any sugars and other substances
not precipitated by lead would be determined in the blank
titrations. Yhe magnitude of the various blank titrations
from potassium hydroxide end eslseium shloride extractions
may reflect the acount of sugers present in the plant
samples,

3tarch values f{rom ethanolehydrochlorie acid treate
ment followed by extraction with hot water are more ree
producible than those from the potassium hydroxide and
oaloium chloride extractions. vno ruvason may be the ree-
latively high blank titrations in the latter two methods,
partiocularly in the case of reed oanary grass, orchard
grass, and brome grass which contained leas than 1 per
cent of starch and required less than 0.2 ml., of 0.0093
N oeris sulfate net titration.

In view of findings presented, the procedure, other
than alre-drying, used in curing plant samples for starch

snalysls wonld depend unon the tyne of rlants studied.



The extrsction procedure of liassid, YcCready, and Rosene
fels (19) 1s more ssatisfactory than extraction with
elther potassium lLyiroxide or calciuax cliloride hecause

of the small amount of reducing substances present in

the extract, Also, more reproducible starch values and
better recovery of alloed sturcis were obtalned by ethenole
hydrochlorie aclid treatment snd water extraction than by

other extraction procedures.
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vamples of slfalfe, reed canury grass, orchard
rrass, and brome rrass were taken on werm, c6lesr
afternoons frorm unfertilized snd unirrigated
experimental plots of the Lepartment of Soll
Seclence.

"he plant suixples were eauoci divided into four
portions for drying at room temperature, at

50% C., at £5-90° C., and freez!ng followsd by
drying at B85«90Y Ce

After grinding tre Adrled ssarples to GO-mesh,
starch wss extrasted by three different procedures
involving: (1) soludbllisation with ethanole
hydrochloriec acid followed by hot water extrace
tion; (2) 0.7 per cent potessium hydroxide exe
traction; and (3) caleciua chloride extraction,
ftarch in the extraets was hydrolyzed with ssli-
vary emylsse and reducing power was determined
by treating the hydrolyzed extract with alkeline
potassium ferricyanide followed by titration

of ferrocyanide formed with standard ceric sule
fate soluticn,

Analytical results indicate thet the cliolice of
curing procecure to preserve the greatest amount
of starch 1s denandent nnon the particular plant

studied.
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Best reprodicibility snd agreerment of starch
velues for a specifiec plant sample were cbLtalined
by the tresatuent of plent material with ethanole
hydrochloris acid followed by extraction of
80lubilized stsrch with hot water,
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ABSTRACT

A STUDY OF EFFECTS OF SAMPLE PREPARATION AND
METHODS OF EXTRACTION ON DETLRMINATION
OF STARCH IN PLANT MATLRIALS

By
Betty Ruth Johnston

The present study wuas wade to determine the effective-
ness of some of the analytieal procedures for the deter-
minatiou‘br small amounts of starch in plant materials
with spoélal attention given to preliminary sample pre-
paration, completeness of starch extraction, and evalua~
tion of starch with the exclusion of other carbohydrates.

Samples of alfalfa, Medicago sativa, just before
blooming and second growths of brome grass, Bromus inermis,

reed canary grass, Phalaris arundinacea, and orchard

grass, Daotylis glomerata, were taken on warm, clear
afternoons from unfertilised and unirrigated experimental
plots of the Department of Soil Science. The fresh plant
samples were each divided into four portions for drying
at room temperature, at 50° C,, at 85-90° C., and frees-
ing followed by drying at u6-90° C. after grinding the
dried samples to 60-mesh, starch was extracted by three
different procedures involving: (1) solubilization with
ethanol~hydrochloric acid followed by hot water extrace
tion as described by Hassid, MoCready, and Rosenfels;

(2) 0.7 per cent potassium hydroxide extraction as used



Betty Ruth Johnston

by Chinoy; and (3) calcium chloride extraction as out-
lined by Hoffpauir. Starch in the extracts was hydrolyzed
with salivary amylase. Reduocing power was determined

by treating the hydrolyzed extrasts with slkaline potassium
ferricyanide followed by titration of ferrocyanide formed
with standard ceric sulfate solution.

Analytiocal results indicate that the choice of curing
procedure to preserve the groatonﬁ amount of starch 1is
dependent upon the particulsar plant studied. Best re-
producibility and agreement of starch values for a speei-
fic plant sample were obtained by the treatment with
ethanol=-hydrochloric acid followed by extraestion of
solubiliged starch with hot water as described by Hassid,
MoCready, and Rosenfels (1).
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