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DETERMINATION OF YIELD, MATURITY, AND
VITANIN € IN SINGLE-HARVEST
BUSH SNAP BEANS

INTRODUCTION

.%ost of the snap heans grovm in the Pacific Northwest
are of the pe}e types and since these have little possi-
bility for mechanical harvesting, interest has been een-
tered on the bush types. Should the bush varieties lend
thgmselves te.meghaﬂ;eal harvesting it would éean a huge
sa?ing 3n 1@bar costs to the processors. However, the
introduction of a single harvest in place of the present
thrae and_evgp:as higp.as aix pickings, ereates.ﬂaW'prcb«
leme, One important problem is the yield - will the
meghanical-n@rvegt equal the harveste by hand, or how
‘mﬂch,ext;@ acreage is needed? Another vital consideration
.is that of maturity, if all the beans on a vine are
~ picked at one time, what percentage will be suitable for
processing and what will be the percentage distridbution by
grades? The effect of a single harvest on the various |
quality.faetorg mast be known., Such factors are vitamm°
content, fibver, ratio of hull to seed, etc. It will be
the responsibility of the field men to declde when the
majority of beans in any variety are ready for harvest
and they muét be right the fifs% tine.

In an attempt to find the answers %o some of these

problems, this research was undertaken.



1I. LITERATURE REVIEW

A survey pf the literature on green beans reveals
that much emphasigvhasvbegn given to the vitamin content -
eglbeans at various stages of maturity as well as vitamin
loss during étorage and cooking.

4t the United States Vegetable Breeding Laboratory in
Charleston, South Carolina, Hayden and his associates (11)
have ta&én an increase in vitamim con&eﬁt as one of the
qugetives in the program of 5reeéing snap beans adapted
to that region. In a rocent artielevﬁll) these workersv
have stressed the value of snap beans by stating that the
commercially canned pack ranks next ﬁo those fbr tomatoes,
peas, and cOrn.,

There appears té-be gsome conflicting teports in the
literature as to the effect of maturity on the vitamin
content of snap beans; ‘The results of work by Mack, Tap-
ley and King, (17) indicate that the variation in ascorbic
acid content is greatest with the large sceded varieties.
They suggest that the effect may be due to the distribution
of vitamin C between the seed and the seed pod. These
workers found that on a fresh-uweight basis the seeds con-
tained from 3 to 4 times as much ascorbic acid as the seed
pod. Hence, they show, ascorbic acid content due to the
seeds increases with growth, while that due to the shelledv

pods deereases rapidly at first and then remains about



constant, resulting in a net effgct of minimum ascorbic
acid content ét_the_usual stage of maturity at which snap
beans are harvested. _Kraﬁer (16) has also showmn that the
seeds contain more ascorbie acié then the pods and his re~
sultsishow_inciease in ascorbie acid with increasing mat-
urity. Hayden, Heinze and Wade (11) agree with the results
of Kramer stating that on a fresh weight basis signifi-
cgmtly more thiamin.and slightly more ageorble acid were
found in the green-overmature beans, Phlllips and

Fenton (22) found that Vitamin C concentration was higher
in the immature stage than in the mature or over-mature,
They have thié timely comment to add, ‘lack, Tapley and
King reported no change in ascorbic acid content of
Tendergreen beans with maturity but distribution of the
vitamin varying within the vegetable acecording to the
proportion of seed to pod. In interpreting the values
found in the literature one should realize that standards
of maturity are difficult to define and recognize.®
Phillips and Fenton also found that the seéds in the
over-maturc beans on the méis& basie, had hearly twice

as much ascorbic acid as the pod. From their results it
would appear that either there is a loss of vitamin C as
the beans mature, or there is a‘transfer_of the vitamin
from the pod to the seeds. Wade and Kanapaux (28) found

no siénificant differences between large, medium and small
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pods vithin a straim, Like Taek ond ee-vworkoro {17} thoy
found thot oatupity weo net assoslisted with large differe
eneeo in apeorbie geld comtont of the pods and the Boano
of mature sorkotable stage eontalingd ¥he loast asesrbie
acid. [Hibbard and Fiynn {13} vopert Wwot asecrbic acid
contond ﬂ?@@@gﬂﬁﬁ increasod oith welurity and thad
oamrer orep contalned approzimatoly B89 percont woro than
the Fall orop. Theso workers otato that for eomvreisl
purpesen only the Lanatere pods oFo desivody ond@ & PPEde
fun 6 poid for tho ooalior sises, valeh ooy nwot Bo tho
o800t utritioye Uhen o vilooin contont o concldorod.
Uafie and Yapopaug (281 Cound that vapletice 0ith lawrge
pefo ronko@ Blghoot in cooorble oold bub somd of the
soallor pedidod vorictios oloe Fonkod high. Calécoll 0%
o} (83 conciudod, oo & reowld of forey sorion of dotorniw
nations upen o By varictics ang stwalns, et oocorbice
28id ig leowont iR youngaet boons and inmeroccon §E@greg@w
ivoly oith inereace in volight of pod and in proportion of
geed voloht o totel pod woight. Thoy moted thet vitenin
¢ to lov in podo In which tho seods eonstitute only 3 e
& poreont of he totasl weight and ineroscos rapidiy uwp e
a point ot vhish the sccde comptitule IR v 15 porcont of
the ped woight, after chich the Inercace besemeo olew ang
relativoly noall in amount. Theoe workero omphogise the

faed 2ot 1f the accerbilie oeld contomt inm vewicdicp af



beans varico with the stage of doveiopment of the podo,
conpayicon botueen varicties ean bo oads only vwith maler-
jal of a 1ike otoge of dovclepmont. Flynn (9) and hop
acsoelates are among those who bollevs that vitamin €
geadenlly inercaces with maturity. They alse feound tho
vitanin € comtent of the sced to e highor than tast in
the pod., Trosoler, Pack and Ying (26) ctudiscd factors
affeeting the vitasninm C esntent of vogetablos and cone
cluded Wthat vitamin € 1o spproxieately the camo im all
stagec of saturity of onap boans. Heuwovew, they do
arons the lsporisnco of varioly oo o faster in varlias
tion of wocerbis acld rooulto. Fiagke, Porkino and Davey
() bavo found that oomo vaerlotios of map boang would
contyibule 4 Polatively oaall goount of thicnis %o the
dayts dictary ohilc othor varictics were euite bigh in
thiamin., Uayfiold and Riechavdeon {18) ropert that rav
green otPing Hoans are & moed seovree of vitawin 43 @o
good cgouree of vitaminm By and an excollomt @@@E@é-@f
vitanin C. |

Tho ctorage leas in ascerbie aeld an showm by FiiZ-
perald ond Follers (@) avounted to 29 porsent thon hold
at 21.1°% (70°F). Thoy ropert that no logs vsuld have
securred at 2.2°C (86°F). Umek, Taploy ang King (17}
found o logo of 29 o &0 poreondt in four variotics heléd

at 21 %o 23°C (49,8 to 78,4°F) for ono day. THOOS WOFREFD



state that in comparison with other vegetables snap beans
lose their vitamin C very rapidly. Wade and Hanapaux (28)
find & loss of approximately 2 pereent in the vitamin €
content when stored at 2.2°§.(369F? f@rizé to 48 hours and
a loss of approximately 5 percent mneﬁ held at él.l“@
CTOﬂF), it heid for 72 hours at 21.1°C the loss was sharp
and significant, A4 very imp@f%&nt factor affecting logs
of vitamins in ster@gg hag been stressed by the work of
Harris et al (10) whose regearch proves that humidity has
&'ﬁéar;ng~on.th@ retention of aseceorbic acid. Their work
indloated that the rate of destraction ef the vitamin in
six vegetables, including snap beans, stored at an average
relative humidity elightly less than Sﬁ’parceﬁt averaged
@bqut‘64 pewcept greater than im-earﬁeaponding samples
stored at an &%erage relative humidity of 98 percent.

- Considerable research has been conducted on losses
of.vitaminé as a f@éﬁl% gf blanching and@ cooking. Phil-
iips and Fenton (22) concluded that blanching in boiling
water*pfepgfa@ory to freezing, caused a logs of 13 pereent
ageorbic acid, 11 percent thismin and 14 percent ribofiave
in., Fincke and her g?o@p‘(7) found & loss of 14 %o 21
percent thilamin in'coeking fresh snap beans. Batchelder,
Stein and Sater (2) state that the amount of ascorbie acid
is higher with a 2 minute than with a 3 minute scald in

beiling water and the percent retention during 9 months



storage at.Q°F.? is higher in ssmples scalded 2 minutes
than in those secalded for 3 winntes. Bedford and his
group (33 foundé neo signigicagp diff@rence between stoanm
blanching end weter blanching, although initially there
was a slightly less loss of ascordic acid by steam blanch
whieh, however, showed & greater loss during storage.
M&yfield an@.aiehar&sen‘(ls) maintain that freshly

cooked greem:exrimg b@&ng have lest none of their vita=
min A or By potency and are sti1ll a good source of vitamin
Q,(éven tnomgh”a 3@.t© %@ perce@t.loge of this vitamin
occurred during ¢ooking. They comment furthor that camned
green»s%ringibaaﬁa,‘%&xen from storage and re-heated, ap-
pear to be nearly as rieh in vitamin 4 as the freshly
ccak@ﬂ'beans; b@p'g@@m to have lost about 40 pereent of
their vitamin B content. Thoy report tho loss in vitamin
€ is very narked, deing 80 to 85 perscnt of that present
in raw be.gme. o _ B _

The work carried on by James (14) shoved an insigni-
ficant differcnce between varieties of smap beans grouwn
in seven different areas of Florida and thoir dry weight,
ascorbie acid and carctene content, .

The following table reproduced from the publication
of Mayfield ana Richardson (18) is of interest from the
nut?i%i@n@l aspect., One average serving of 70 grams of

cooked green string beans would supply the following:



Preshly Cooked Beans Canned Beans Stored
' _and Re-Heated

I.U. Percentage I. U, Percentage
per of daily per of daily
' serving requirement serving requirement
Vit. A 840 14 - 28 700 1} - 23
vit. Bl 23 4 -8 14 | 2 ~4
Vit. C 7 -~ 1iZ2mg 10 - 30 g, 3 - 10

- The roview of the literature indicates that there
is & need for standardization of the methods used iR as-
certaining the quelity of groen beans as well as a noed
for corrglation of quality and mutritivo factors. HKramer
(153_%9118r&$ that the ﬁhre@ impov%an% faat?ra‘of quality
for green beans are maturity, size and fibrousness. He
stetes that maturity may be measured by the proportion of
the w@ightAaf seeés @o @h@ pods; size by deteraining the
mean dlameter from suture to suture and fibronaness by
slkall digestion. Uaturity is apperently judged in var-
ious ways, such as ratio of hull to eeed, size of pod,
and length of'se@d, Fiber determinations seem to have
been omitted by too many workers while results of starch

enalyses are seldom seen.



111, EXPERIEENTAL NETHODS

1. Planting

N There were fmw? varietlies of bush shap beans
selacted for this study, namely U.8.D.A. Rival, Burpee
Tender Pod, Burpee Tendergrecn and Burpee Stringless
Green Ped. These varietles were grownm in Hillsboro,
Oregon, in the experimental plots of a large commere¢ial
frogen food company. Each variety was planted on June 3,
1348, in 3 one-hundred foot rows with 3 foot spaecing for
3 ?owgi' The seceding rate for-Tender Pod, Tendergreen and
Stringless Jroen Pod was about 25 pounds per aere since
this was all of the a@eﬁ available. Rival was actually
plgnte@ @ugﬁ.ghigkér (6Q'poaméﬁ-p®r @gre) but was thinned
down to a comparable stand, CGuard rows were aleo planted
on ea@h side of the oxperimental plot. The experimental
plot was fertilized with 100 pounds nitrates, 200 pounds
phosphates, 100 pounds potash, and was irrigated throe

times during the growing sesson.

2. Harvest

| The beans were harvested, upon the advice of an
experienced fieldman, when the majority of peds in a var-
iety had reached the optimum stage of maturity for commer -

¢ial precessing. Im this work the “optimum stage of
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maturity® @imeé_for,.waa that which would result.in most
beans of commercial grades 1 and 2, to be explained later.
The harvest was carricd out, as near as could be arranged,
at 8 o'clock each morning. There was only ome harvest of
each variety and all dbushes, yielding or not, of the var-
lety were harvested by hand and counted Into dbean bags.
FPour men participated in the bharvest which regquired 15 to
20 minutes. The bags were lmmediately havled by truek to
the pro§essimg plant. It would be safe to say that the
Vime required from commencement of harvest to arrival at

the processing ﬁiamt was not over one-half hour,

3. . Erogessing

. (a) Upon arrivel at the processing plant the
baﬁhes uere meighed_gnd the pods quickly removed by
hand, from the vines. .

(v} The pods alone were weighed.

‘ (e} The pods were put through a mechenical
grader which distributed them according to dlameter as
follows:

Grade O or less than £1/64 inches

Grade 1 or 21/64 inches to, but not including
24/64 inches

‘Graée 2 or 24/64 inches to, but net including
27/64 inches
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Grade 3 or 27/64 inches and over

(3@) Eaeh size group was weighed to give per-
centage distribution,

- (e) Each size group was divided equally inte
tuwo 19%9, one lot Being held for 24 hours at room temper-
ature, the other handled 1mmedia&@ly.

- (£) 100 pods were selected at random from cach
size group of the lot.handled immediately, and welghed.

| () The percent crooked pods im each size
group was determined using the pods of part (f),

| (n) The ratio of hull to ceed im each size
group was determined using the beans in part (€7,

| (i) A sample of each group of the fresh besans

was used immediately for a vitamin C determination and
another sample was sealed in glass jars and frozen immeg-
iately, for uge in analysis at a later date.

(j) The remainder of the fresh beans were
snlpped mechanically if possible, by hané 1f not, weighed,
blanehed in steam in a small retort for 2 minutes, cooled
in running tap water for 1 to 2 minutes and placed in
- Peters-style consumer ¢artons. The cartons were labeled,
sealed in a wax paper over-wrap and quiek frozen. The
beans were tested after blanching and cooling for catalase
activity by means of the Thompson catalase test (25).

The period from harvest to blanch was approximately two
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hours., - _

- (k)v’Tha_dg;ayeé samples which had been held for
24 hours at room temperature were re-weighed, snippsd and
wéighed ag&iﬂ, A sgmplg was teken for vitamin € determine
ation and another sample taken and held by freezing for
- turther analysis., The remaining pods were processed in

similar fashion to the fresh material.

4. Analysis

~ Each size group of the fresh and 24-hour delay
beans were analyzed for the following?
A, Total solids \
B, Starch content
€. Grude fiver
D.  4scorbic acid

Th@rm@@h@ds of analysis were:

A, Total $olids
o (1) The jer comtaining the frozen sample was
alloved to thaw at room temperaiure, whersupon the outeide
of the jar was d?;eé thoroughly, end the jar plus contents
weighed accurately om a triple-beam balance to the nearcest
.0.1 gm,. and estimgtea to 0.05 gm.
(2} The beans were transferved to a cloan, -
dry Waring B&enﬁor,_c&re being esxerelsed to ses that as

miich moigture as possible was transferred from the jar o



the blend@r. , ) _
I ¢ -}/ Using a volumetric. pipet, exactly £5 ml.,
of water were added to the Blendor to facilitate blend-
ing. & satisfactery blend could not be accomplished
unless this technique was employ@é, .

. (&) The beans were memugmy blended (3 to 4
ninutes), then a large portion of the blended sample was
poured into the sample jar, the 1ia serewed on and the
jar shaken. The sample was then returned to the blendor
and given another short blend. The last siep was done
to #nc@rgorate any wa%er:&?opletsvramaining in %he sample
Jar, thus-yieléing'albomogeneeua semple.

B ~ (5) Duplicate samples from the blended mix-
tuve'which wauld appr@xim&te the @pecif&eatians called
for in ‘the Metheds of An@lysi@ of the Assogiatlion of
@fficﬁal Ag?icultural Ghemista were welghed accurately
to 0.1 gram on a_tri?1e~be@mﬂbalance. The samples were
weigheﬁ_invpfevicusly“h@ated, cooled and_ﬁared aluminum
weighing dishes, These dishes were 36.30 sq. em. in area
necessitating a blended sample weighing approximately 10
grame to meel with the af@ramgnti@me& specificationa.

| {6) The sample jars and lids were rinsed
clean, zhof@ugaly dried ingide and out and weighed giving
the weight of the fresh sample. '

(7) The weighing dishes were placed in the
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yapugm.gyen>§n§ drisd according to the official methods
(20}, repeated herein:
. Uelgh into flat-bottomed dish @ portion of sample of
sgch size that dry rga;&ge.wgil not Be iess than 9 ug.
nor more than 12_@@/@9,_gm.*of drying surface. Distribute
thinly in even ;aygr over bottom of dish, diluting with
chhif necegsary to facilttate.aistrihutionm Place in
vacuum oven at ?chmwitg~releaee cock left partly opem so
that degree of vacuum does not exceed 450 mm of Hg aend
moisture evolved is carried off vapidly., Dry air Fa¥s i) & AN
ted throvsh release cock by bubbling through Ha804. After
cp@_h&ﬁgﬁéggmi@e ﬂish9g and remove from oven any in which
mgtegial hag-rgaghe& apparent dryness. Continuc this re-
moval of dishes with dried materisl at subssquent halfe
hour iﬁgervgls,‘ After material in all dishes has reached
apparent dryness return dishes o oven, né&vzy close re-
lease cock so that about two bubbles of air cach second
are admitted through the H,S0, end dry at 70°C for four
hours at pressure not exceeding 100 mm.

(8) The dried samples were accurately weighed
on the triple beam balance to 0.1 gram and estimated to
0.05 gram, |

B._ Starch Content

The method adopted for starch analysis was

essentially that of Nielsem., (19)



1) Blending

~ The jar containing the frozen semple was
allowed to thew at.room temperature whercupon the outside
of the jar was drgeﬁ_thqfoagh&y and the jar plus contents
we?gh@é ascurately to 0.1 gram on a triple-beam balance.
The beans were transferred io a clean dry Wering Blendor,
care beiag.sxgrcised to see that as mueh molsture as pos~
sible was transferred from jar to blender. The jar and
-11d were rinsed, thoroughly dried and weighed. Using a
graduated cylinder, and a graduated pipet when necessary,
glgugn§i£§_§f“water ecgquivalent to the welght of the beans
was added to the blendor, The blendor was allowed to run
for 3 to 4 dinutes.

(2). Weignlng

_ Qﬁ@ii@@%@ s@mplgs=of'the blended mixtare
of approximately 2 grams were weighed accurately on an
analytical balance into tared 50 ml. beakers.

L £3)

Analysis .

, ' ‘One ml..of ma%eg was added to the sample
in the 50 ml. besker by meams of a 1 ml. pipet and 3.7
ml, of dilute perehloric acig (43.8 ml. of 60 perecent
perchloric + 6.2 ml. distilled water) was added by pipet.
The acld was stirred in slewly. The sample was allowed
Lo stand in eontact with the acid for 15 minutes with

occasional stirring and then made up to 25 ml, with water.
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The sample was now filtered through a Whatman No. 1 filter
paper inm g{éf@rgnne\?p settling vhich required too much
time, 4 iiml._a;iqnot ef the clear fii%ﬁgtg was trans-
ferred by means of a 1 ad. volumetriec pipet, to a 25 ml.
graduate cylinder and 6 ml, of w@ﬁer addec. & drop of
phenolphthalein was added and the solution brought <o a
gink color with anfﬁw.érops of 6 N sodium hydroxide, |
Next 2 N acetic acid was added by buret until the pimk
solor aisappeargé,_zgs mlg igvega@ss.@@ra agded, 0.5 ml,
of 10 percent potassium iedide by pipet and $ ml. of 0.01
B potassium ledate added ascurately by pipet. The solu-
tien was allowed to stand at leset S minutes and then vas
made up to exactly 25 ml, with water., The solution vas
shaken,, tf&nsf@rr@éth;a”E$$g§§'eigc&rgphgtpme%er tube ané
read in the ?gghe? e$ee&rapn¢§gme§9r using a red filter
No, 650 and reading on the A scale.v The percentage
starch was caleulated from a curve prepared from the col-
orimeter readings of a knewn range of potato starch con--
centratisa, The eo%orimetarvreaéing@.gere-eerrecﬁed with
a blank containing all of the roeagents.
C. Crude Fiber
(1) Blending

The jar containing the frozen sample was

allowed to thavw at room temperature. The beans mere then

transferred to a clean dry Waring Blender, care being
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exercised to bga-th@t;as much moisture as possible was
transferred from jar to blendor. The sample was blended
with intermittent shaking in an effort to distribaute the
lopse wolsture evenly.

(2) welpghing . | ‘

- E‘x_my grems of f,he hlended sample were
weighed on a iripie~b§gm.hakaﬁee andé dried by the vacuum
oven method as previously described. Duplicate dried
samples welghing in proximity to 2 grams were weighed
out acggrg%eiy on the analytical balance and cach was
transferred to a i@@ﬂ~m@..h@a&aro

(3) analyeing |
- ‘ ?he m3§hed adopted for crude fiber deter-
mination was taken from the Officlal and Tentative lethods
of Analysis (80). However, the ether extraction was
deemed unnecessary. ’

o o Qneqtnoggagd ml. beakers were ueéd as .
digestion flasks and large kjeldahl flag&s weye employed
as ¢0néegsers to meintain a coastant volume of digesting
solutien. The kjeldahl flasks rested on the rim of the
beaﬁers, presenting a.large cool surfaeee to vapors én@
fga& frqm the ﬂigestign. Approximstely 0.5 gram of dige
ested asbestos was added to the dried beans in the begker
 and 200 mi. of beiling sulfuric acid (1.2% gm. Hp804/100ml)

was added., The digestion flask was immediately connected



18

to the condensgr and heat was applied by Bunsen burner.,

A battery of four digestion flasks was operated at one
tim@.n The_cgn$emtg @f‘tne flagsk were brought o bolling
ag close as possible to the one minute ecalled for by the
Officiael Methods. Boiling was then continued for exactly
30 minutes. The flasks were rotated occasionally to wash
doun any ma%eriallclimging to the walls. 4% the expira-
tion of 30 minutes the flasks were removed, filtered
through dress linen in a fluted funnel, and washed with
boiling water until the washings were no longer acig.
Litmus paper was used to test the aeidity‘of the wash
water. A quantity of sedium hydroxide (1.25g8/100 ml.)
had been Kept boiling anﬂey.reflux condenser and now 200
mi, of this base was used to wash the charge and asbestes
into a cle&ﬂ'dryILOGO:ﬁl. beaker. & wash bottle marked
to deliver 200 ml., facilit&ted the washing of charge into
the bea%er. ?he.beaﬁer'was brought inte econtact with

the Kjeld@hl fi@gk and the semple digested as before for
30 minutes. At the end of that time the contents of

cach flask were filtered through a Booch eruicible pre-
pared with a thin asbestos mat. The filtered material
was thoroughly washed-with boiling water and then washed
with approximately 15 ml. of alcohol. The crucibles and
contents were dried at 100°C to constant weight, cooled

in a desiccator and weighed, on an analytieal balance.
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The contenis of the erucibles were incinerated in an
eleetri¢~mgf£$e oven for approximately £0 winutes, cooled
ip a deslceator and weighed. The dirfference in weigaings

were reported as orude fiber.

D. Aacorbic Acid
The method employed was @ modification of Bes-

seyts (&) a&alysie for vitamin C.

- (1) petermination of Calibration Constant (i

Por Ascorbie Acid Using the Fisher Bloptrophotometer and

Pilter 525 3.

_ The calibration censtant was secured by
employing the fellowing equation on a known range of

agcorbic acid concentrations.

Ke (&) X 100
'Gz - @2

4§
4

Ynent € = the‘eameen%ration ef ascorbieo acid in

mgm/ml

B

@1 average readings of test solution ainus
sample ie} I ml, 3% metaphosphorie
acid 4 £5 ml., dye - buffer mixture

G, = average roading of ascorbic acid test

nd

soilution
# = calibration constant in mgm. per 100 gns,
per degree on galvonomoter.

Ten czanpleg of ascorbic acid were run in matched
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tubes, the concentrations begimming al 0.0 mg. per wnl.
and inereasing by 0.0l mgm. per ml, until a corcentration
of ©.10 wg. per ml., had heen reached.

{2) FProparation of the Dyve.Buffer Rixturse

(a) 32 grs. of sodium asetate {buffer)
were woighed and traneferred to a 2000 ml. volumetrie
flagk. Distilled water wae used to wash the buffer into
the flask, _ - | “ .

| (p) 37 hagms of 2, 6 diehlorophenol indoph~
egol}?§r§'gg§gha§ and h@$~&#$tillaé water was used to wash
the dye ﬁhrgggh.a.fglter paper in%e the flask containing
the buffer solution. | |
- {e) The flask was tnen made up to_the
.~2000 ml, wmark with dis%;lie@‘watg:“h ,

- _{d) 25 ml. of'%hia ﬁy@#@ufﬁgr mixture
mﬂ@mwmy&m59t§megmwmmw$M%m
Fishsr Electrophotometer, and was adjusted to thie range
by gilution or coacentration if neeeusmary. The dys-~buffer
mixture wes prepared each day for the samples run.

(3) Procedure Pollowed in Running a

| (a) The galvonometer was adjusted 4o O
whereupon s&mpie tubes of distilled water were inserted
and the galvonometer once wore adjusied to 0.

(b) The 0; reading was obtained by
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pipoctiing 1 ml. of the 3% metaphosphoric. aeid (extractant)
into the colorimeter tube, adding 85 ml. of dye-buffer
mixture by means of a plped calibrated to dellver in 20
seconds and feaaing %he‘galvancmeier_wiihimiﬁa seconds
after the dye is started intc the test tube. The Gy read-
ing was obtgine@ by mgking dgplicgt@ or tripiicate read-
ings and was chaecked g@riqﬁically..

N ~ (e) 30 gme. of fresh beans {ends snipped
Q?fi_weye deposited in the @aw; ef the Weying Blendor and
250 ml. of 37 metaphosphoric scld was added. The sample
was blended for 3 minutes then Jiltered throwgh a No, 193
(Baton-Dikeman Co.} €ilter paper. The first 10 to 20 mls.
of the filtrate was discarded and then a volumetric pipet
was employed to transfer 1 wl. of the filtrate imto a
sample tube. Next 25 ul. of the dye-buffer nixture was
added by_aeag&iof‘& volumggric pipet %o the sample im the
tgbe.“‘The solution was now gecolorized with C,P, ascorbie
acid crya%a;s ané_ta@ galvonometer resdjusted to O, This
readjustment is accomplished by woving the initial mall
ecntrol knodb. This agtion‘nullifieg the effeet of the
turbidity of the 1 ml. sample. A second wl, of the fil-~
tered extraet was pipetted inte a eolorimeter tube, 25 ml,
of dye-~huffer mixture added end the g&ivgneme%@? reading

taken, Duplicate readings were obteinzd.
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d. galeulations

éeao?b ¢ ari@ in mgms. per 200 gms, fresh

beams = K (& - Gp) (290 ml, acid + sas, moisturs of sample)
weight in gmﬁ. of sample



1, Yielé .
The following table pres

Iv.

RESYLTS

-yarieties studied:

Tavle I

Harvest Results

23

ents the harvest data for the

Tenderpod 7Tendargreen Sir,.Green-

Variety Rival
| pod

Date nlanted §-3-48 §~-5.48 [, B 25 6348
Pate harvested B-4-48 B8.5-48 B8~48 8-6-+48
Crowthk poried 82 aays 6% days 6% days 64 days
Ne. bushes '

Qmergeﬂ_ 420 446 456 467
Wt. vines & 185 id¥s, 154 1bs 163 1b . 1bs.

pods 6 om. 3 9. ) % 02 8 %ﬁ%zﬁbs.
%t.. of pods TS 1bs, 54 1hs, $4 lus, 54 ibse.

- 14 oz. 7 o2, 3 oz. 10 oz.
4 Yield 40,9 35.93 3342 39.1




The fellowing tables give thé process yields by variety:

Grade Siges

Wb Gistripution
% distridotion -
% crackod peds by

‘eount
Wts pér 100 pods
% 8e€d to huil
Wt, unsnipped peds’
processéd immed,
Shipped wi. pods -
processed immed.
4 snippage pods =

' sroegﬁsed inmed;

No. cariong code
284488
Fresh wt, podg of

. TaBLE IZ

Y;clﬁ Besmlts for RiVaz Varie%y

279:3
F

‘24 hr deley sample 5 ib, 8 ome

ﬁtﬁ efter holding

224 hr At 60S70°F

4 wt. Yoss atter
holding 2¢ hr.

Snipped wit. of T4
ar delay sawmple

# snip.pods hlé 24 ar

No ertns code
R84 -48F

8 1b, 8 oz.
o _

3 1k, 9 oz

3% o 5

%o_But

4 1b, § OZ

6 1b: 14 oz,

&

5 Ib. 13 oz,
14,8

i2 ’

Not Including

11 1b. 9 oz,
5.8

24

1g 1b. O oz.
11 1be 9 oz,
36

10°1b, & oz.
11.2

20

25

0 #1 #a 73

<21/64% 21/64 . 24/640 27/64.%
nam 84/64” TBNI ® 27/84" and over

11°1b: 2 ez. 15 15, 14 ag.” 2% 1b. 15 oz." 27 1b. G oz.
145 18.3 31,5 35,6

13.90 230 18.0 39,0

064 112 1bs. 1.58 ibe. 1.67 1bs.

2.8 20 3,0 3.5
's 1bs 8 oz & 1bi 15 oz; | 12 1b. © oz. 13 1b. 8 oz,

13 1b. 4 oxn.

S &

24

i3 1b. & o3.
13 1b. & oz.
1.9

11 71b. 9 oz.
12.8

G




Grade sizes

fit. distribution
&% distribution
% orooked pods by
‘ecount )
%t. per 100 pods
7 seed to hull
¥t. unsnipped pods
processed immed,
Snipped wt, pods
processed immed.
¢ snippage pods
proceased immed,
No, cartons code
T P8-5-48 ¢
Fresh wt. pods of

24 hr delay .sample

Wt., after holding
24 hr at 80-70°F

% wt. loss after
helding 24 nhr

Snipped wt, of 24
hr delay sample

¥ snippage pods
held 24 hr.

No, cartons code
TP de 8-6-48

Table I1I

Yield Results for Vaéiety Tenderpod

- u— B T 75

<21/64"° 21/64" 24/64" R7/64%
TBRI 24/64°7 TBNI _27/64? and over

7 1b, 2 oz. 6 1b. 13 oz, 19 1b. 3 oz. 21 1b. 5 oz.
13.0 12.5 : 35,3 39,2
6 . 12 11 | 17
0.43 1lbs. 1,00 1lbs, 1.42 1bs, 1.77 lbs.
0.5 o .5 T 2.0 | 2.5
3 1b, 9 oz, 3 1b. 6 oz, 9 1b. 9 oz. 10 1b. 10 oz.
2 1b. 10 oz. 2 1b, 11 oz. 2 1b., O oz. 9 1b, 9 oz.
27.3 21,2 6.2 9.4
6 . | 8 . o 17 o 12
3 lb? 1 oZ. 2 1b. 13 oz, a 1b? 15 Oz 10 lb., 7 oz.

2 1b, 14 oz,
6.1 o

2 1b. 3 oz,

24,1
4

- v iy

4 .

. .
To But Not Including

8 1b, 12 oz.
2.1 ‘
7 @E. 4 o2,
17,0

13

10 1b. 4 oz.
1.8

8 1b. 6 oz.
18,4

185

‘63




Grade sizes

- Wt, distribution

% distribution

% crooked pods by

‘eount

Wt. per 100 pods

% seed to hull

Wt unsnipped pods
processed immed,

Snipped wt, pods -
processed immed,

% snippage pods
processed immed,

No. cartons

TG 86248 #-

Fresh wi, pods of
24 hr delay sample

wt., after holding
- 24 hr at 60-TO°F

% wt, 1oss after
holding 24 hr,

Snipped wt, of 24 hr
delay sample

% snippage pods
‘held 24 hr

No, cartons e¢ode
TG de B-7-48

Table IV

Y&eld Besul%s for Va?iety T@ndergreen

40 # #2 #3
<e1/e4" zL/64" 24/ 649 27/64°

e TBNT_ 28/64 _TENI_29/64° ____and over
7 1b, 3 oz,  4'1lb. 9 oz. 156°1b. 9 oz. 25°1b. 6 oz.
13.3 8:5 30.6 46.7
3 5 2 . 6
0.38 1bs. 1.05 1bs. 1.36 lbs. 1.63 1bs.
1.0 . 2.0 4.0 6.0
3 1b. 8 oz, 2 1b. 4 oz. 8 1b. 4 oz, 12 1b. 3 oz.
21b. 6 oz. 1 1bi 7 oz. 6 1b. 6 oz 10 1b. 3 oz.
31.4 34,8 22.9 16.4
5 3 1 | 20
31b, 4 0z. 2 1b, O oz. 8 1b. O oz, 11 1b. 14 oz.
2 1b; 12 oz. 1 1b. 7 oz. 7 1b. ¢ oz. 11 1b. 4 oz,
15.4 28,1 | 9.4 5.3
21b. 1 0z, 1 1b, 5 oz. 6 1b. 8 oz. 10 1b. 3 oz.
25.0 7.1 10.9 8.8
4 3 12 20 m

2 1]

:»To But Not Including




Table ¥V

Yield Results for Variety Stringless Creenpod

Grade siges

Wt. distribution

4 distribution

% erooked poeds by
¢tount =

Wt. per 100 pods

¢ seed to hull

WY, unsnipped pods
processed immed.-

Snipped wt. pods
proecéessed immed.

4 snippage peods
processed immed.

No. cartons
CP 8-6248"¢

Fresh wt, pods of
24 hy delay saample

Wt, after holding
24 hr at 60<70°F

% wt. loss after
holding 24 hr.

Snipped wt. of 24

- hr, delay sample

"% snippage pods
held 24 hr.

No, cartons code
GP 8-6-48

11 '1b, 15 oz.
18.4

i1 )
0.45 1lbs,
1.0 |

6 1b. O oz.

4 ;bo'l3 OZ(
20{0

10

S 1b. 12 oz,
5 1bs 1 03+
12.0 .

4 1b. 4 oz.
16.9

10

24,8

7 o
1,32 1bs,

3.0
8 1b. 0 oz+
7 1b, O oz,
12.5
7 1b. 12 oz
7 1b, 2 oz
8.1 |

6 1bs 2 oz,
14,1

12

zéilbo 11 02

38.4

18
1.37 lbs,
&0
12 1b. 6 oz.
10 1b. 14 oz.
12.8

21

12 1b, 2 oz.
11 1b. 2 oz.
8.2 |
2 1%. 14 oz.
11.7

19

‘To_Bug not Inciuding

#0 #1 #2 #3
<e1/64n 21/64" 24/64% R7/64%
— TENI _TBNI % o7/64" ___ and over

ll.lb{ 15 O
28

1.60 1lbs,.
8.0 _

6 1b, © oz.

5 1b., 8 oz.
8.3

11

5 lbo lg O2e
4 1b, 12 oz,

17;%

4 1bh., 3 oz,

12,5




2. Analxges

The following table gives the results of duplicate determinations of total solidgs,

starch, crude fiber and vitamin C.

... . mwlevi N
e A0BYy 068 OF Different Varietics of Bush Snap Beans

Variety Grade Totél Solids Stareh Dy Basie Crude Fiber Vitamin ©
Pereent FéFeent “Percent mgms/100 gms.
- —— fresh 24 hr. . Freech 24 hr. = Fresh 24 hr.  Fresh 24 hr.
Rival 5 9.2 5.1 1.16  0.59 0,95 e 23.19 14.78
1 11.2 5.2 2.6}  2.51 0.84  wm 20.8¢ 13,14
2 10.6 6.0 4.62 3.86 0,80 - 19.94 16.68
| 3 8.5 5.0 5.29 5.34¢ 0,83 e 17.94 13.14
Tenderpod 0 6.9 6.6 1,74 081 0,44 — 15.28 11.86
1 6.4 7.4 3.7 1,11 0.58 = 15,76 10.09
2 7.4 T 6.41 T.37 0. 52 —— 11,11 12.96
| 3 7.4 8.3 7,49  7.82 0,62 - 13.70  9.99
Tendergreen O  10.2 9.2 0,75 0i49  w= = 30.00 15,25
1 8.7 7.8 2,13 2.55 e i 28,68 15.46
2 10,2 11.1 4,45 3,21  0.86  0.74 27.69 15,86
_ 3 11,9 1l1.2 6.36 6,83  1.40 0,93 30.76 19,08
stringless 0 1.2 11.9 £2.3¢ 1.66 e 0.%8 24,82 20.38
Green Pod 1 11.7 11,5 8.32 6.20 0,80 - 26.74 24.89
2 12.9 121 11.2 10,20 0.88 - 27.14 27,81

22.61

82




V. DISCUSSION OF RESULTS

1. 'Eg erimental Methods

The procedure follomgd in tronsferring the frozen

samples to the blendor way have incurred a slight error

29

in the final vresults. Similarly, the use of water to fac-

ilitate blending increases the difficulty in obtaining a

repregentative sample. Experimen%ati@n on this technigue

would probably show that there is an optimum concentration

of semple and water to give most aceurate results,

Use of potate starch as a standard im the starech anal-

ysis provides only relative results which are, however,

quite satisfactory in & series of analyses which include

only one product. Nielsen (19) has shoun that in his meth-

od of starch analysis the error due to dextrins is much

less than in a hydrolysis procedure for stareh where the

dextring are net romoved,

The following table summarizes the date on yield

characteristics of the varietics studied:

Table VII

Varioty — Growlh DBushes ¥ Yield
pericd Emerged-

7 DIstribution

#2

in days - _
Rival 62 420 40,0 14,5 18,3 31l.5 35.6
Tender Pod 63 446 35.3 13,0 12.5 35.3 39,2
Stringless 64 467 39.1 18.4 4,8 38.4 18.4
Green Pod. é s

Tendergreen 64 456 33.2

13.3

30.6

46,7
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In the light_of'this §§ta 1; wauld appear that Rival is a
much better yielding variety and an earlier maturing var-
fety than the others. Thie may be an erroncous conclusion
in.thaﬁ“th@ aciual.numbeg_o? busghes yiolding beans were not
cagntgd, but rather the toial number of bushes omerged for
each variéty. This, however, does not seem likely since
there is such a.sigﬁificam& difference inm the total bushes
emerged for Rival and the other varieties, Had Rival been
alloved to mature the extra one to two days 1ike tho ether
varieties it is probable that the yield of this particular
- variety would have been even greater.

The largest percentage of beans, with the exception
of Stringless Greem Pod, are distributed in grades 2 and 3.
Stringless Oreen Pod was the most evenly distributed var-
fety. L _

Rival ehowed the highest percentage of crooled pods.

Tendergroen and Stringless Green Ped showed the highest
weight loss from holding 24 hours at room temperature. The
welght loss in holding showed no correlation to grade size.

Table VIII shows the total snippage loss for each

variety:
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0

Table VIII |
Total Snippage Losa by Varieﬁy

Bzvai Tenderpod Tendergreen St.0rn Pod

Unsnipped wi.

of all grades” = 37 1Bs. 27 1bs. 26 1bg. 32 1bs.
pr@@es@eé immeé. 9 o0Z. 2 0%. 3 oz, & 0.
Snipped ¢, of . ' : ‘

all grades - 32 1bs. 23 lbs. 20 1bs. 28 1lbus.
processed immed. 6 oz. 14 oz, 6 oz, 3 oz.
¢ Bnippage 13.8 13,6 22.1. 12.9

@ith.thg eggapt;gp‘gﬁ ?ea@grg;een,athg tetal loss due to
smippage was ¢lose to 13 percent for each of the other
varieties. _ o o ‘ .

~ In gen&ral the snippage tended to lessen with inecreas-
ing grade size, |

~ The seed content was in all cases well below the 154
allowable for U. $. Grade € standards for maturity of canmed
greem.beans, and @mly in one grade of QBQIV@Piety'diﬁ the
seaﬁ gonten§ ex¢@ed'tne &% allow&ble for & standard g?ade

according to Rowe and Bonney (23).

yield raaults of the four varietieg studied with similar
research condueted in Michigan in 1947 by Wittwer and

Harrison {29).



Tab1¢‘§x

‘Comparisen of Snap Bean Trials in Michigan and Oregon

Variety Hichigan Orégon  Total Yield ' Yield Total plants WY, gms per
Source Source  Bubthéls/acre 1bs/100 plants Emérged =~ = 100 pods
Hieh. Ore, . HMich. Or¢. Mieh, Ore. Yieh. Ore.s
T ofhe T oéme | B3L80ft 3-100f%

SE e pieking picking rows Fows
RIVAL Zaumeyer Zaumsyer - .. e :
TENDEREOD Burpoe Burpee 191 72,6~ £22.8 12,2 68 446 61T 622

GREEN  Assee. Burpee 266 T2.3 16,1 11.9 149 456 663 604

sTH? |
GREEN 48508~ a | o ' | |
POD iated  Burpee 253 86,2 21.1  13.8 128 467 540 558

e Welghted average of grades

tiehigan variety Giant Stringless Green Fod

2e



33

- The results indicate that the yields of thess varie-
ties grown in Miehigan are higher then the Oregon yilelds,
but here agaln the stages of maturity at harvest and the
aumber @f pickings should be knewn before true comparisons
can be made. N
| _._Wittwer an¢ Harrison (29) point out that Rival was
cutstanding in yield and make this interesiing comment,
"There is an indication from these tests that Rival belongs
to the same hafdy class, may be more productive, and has
the quality of Temdergreen." This statement is corrobo-
rated by the present work jusi completed inm Oregon, fov
Rival proved superior in yleld to Tendergreen and lower
in starch and erude fib@f, However, Rival dlé not ¢on-
tain as much vit&miw.ﬁ as Tendergresn.
| Ten&ergoﬁ when grown in Michigan showed the highest
yield on a plant basis, yeil, because the plants failed
to dovelop in ¢old wet weather it was the least product-
ive varie%y. The Oregon resulis show‘ﬁival to be superior
in yield to Tenderpod or any of the other varietics on a
plant basis.

S, Analxgeg
A, Total Solids

The resulis of the statistieal analysis (24) on
total solids are presented below., The F value of 17.4

indicates that there is a highly signifieant difference
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between varieties insofar as total solids are concerned.
No significant difference was found in comparing grade
sizes and no significant difference was found in compar-

ing fresh with 24 hour delay samples.

- S DF B8 F
Varieties 124,03 3 41.34 17,89
Grades 7?13 3 2;3& 1,03
Delay 7.90 1 7.90 3.42
Error 55.51 24 2.31
Total 194,57 31

..aaﬁighly significant | ‘
Stringless Green %od_contaiged the highest percentage of
total solids on the average, while Tendergresn was next
and ?enderpcd.ahd.aivgl were about even.

Parker and Stuart (21) found that small beans con-
tained a higher percentage of wmoisture than large beans
and that the percent of less im weight on storage was
practically the same in both sizes.

B. Stareh

The figures for the statistical analysis of starch
on the ary basis as shown, reveal that there is a highly
significant differencg in starch betueen varieties and
among grades, but no significant difference betwsen the

fresh and 24 hour delayed samples.
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| s s DF M S F
Varieties 124.13 3 41,38  21.8%
Grades 220,13 3 73,38  38,9""
Delay 5,13 1 5.13 2.7
Error 45,29 28 1.89
Total 394,68 3

°* Highly significant

| _‘.$tr;ng;ea§ Gr9en'Peé.@aaﬁagmga.by far the highesto
percentage of starch on the weighted average, Tendergroen
was next highest, then Tenderpod, and finally Rival.
| The.s%arch‘ccntentl1acfeaeeé.rapidly with increasing
grade size, which agrees with the resulis of Parker and
Stuart (21). The rise in starch content is illustrated in
graphs 1 and 2.

C. Crude Fiber

ST BRI

Onily #n one instance did the fiber oxeeced 1 perecent

on the fresh basis. . |

- It is diffieult, from the results of the analysis, te
pﬁe&i@@ whether or not the fib@?'in@rQases with increasing
grade size. Heuwever, there appears to be some difference
in varieties, since Rival, Tendergreen and Stringless Green
Pod contmin_appr@ximately the same amoumt of fiber while |
?enderpe@ éppears to havelccnaideﬁably iess than the afere-

mentioned varieties,
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GRAPH

% STARCH— FRESH BASIS
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FRESH BASIS, 24 HR. DELAY

% STARCH —

GRAPH 2
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‘The Canned Fgod Reference Manual (1) gives an average
of 0.5 percent crude fiber in green beans, Kramer (16) re~’
ports an average of 0.65 percent and Chazfiel& and Adams
(6) 1.40 percent. The average of all grade sizes reported
herein was found to be 0.9 percent for Rival, 0.5 percent
for Tenderpod, 1.1 perqent for Tendergreen and 0.9 percent
for S8tringless Green Pod.

D. YiteminC |

The results of the statistical analysis on ascorbic

acid figures appear below:

| 88 DF n s F
Varieties 761.54- 3 253,84 26,47
Grades 1.92 3 . 0.64 0.07
Delay 267.40 1 287.40 29.97
Error 230,10 24 9.59
Total 1280.95 31

*e
Highly significant

In this experiment the F values indicate that there is a
highly significant difference in vitamin C content between
the varieties of beans and also a.highly significant dif-
ferance between the fresh and twenty-four hour delay sam-
ples. That no significant difference was found in vitamin
C determinations by grades confirms the work by Mack et al
(17), Wade and Kanapaux (27) and Tressler et al (26). Hou-

ever, Plynn end associates (9), Caldwell et al (5) Kramer
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(15) and Phillips and Fenton (22) found that vitamin C var-
ied with the grade size or stage of maturity.

Hack, Tepley and Xing (17) report that in comperison
with other vegetables snap beans lose their vitamin C rap-
idly in storage, especially at low temperature, which is
~ guite evident from the tables showing vitamin C content.

- Wade and Kanapaux (28) noted that the more fibrous
atrains or‘vaéietiga had a higher ascorbic acid content.
This QQSQFVQQiQn can be made in the present work for °
Tenderpod having a decidedly lower fiber content has also
& aeéi@eaiy lower ascorbic acid content while Tendergreen
with highest fiber content has highest ascorbic ae¢id con-
tent. B ‘ ‘

| 'The following table présents-aﬂqﬁmparison of the re-
sults of_sever&l iﬁveetiga%ions of &gcorbic acid eontent in
milligrams per 100 grams fresh beans, of the varieties

studied.,
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‘Table X
Vitamin € Content of the Different Varieties of

Snap Beans

Investigaw T Rival  Tender-  Tender- Str.Green

tors - ~pod green Pod

Haeck et a1 (17) 24,0

Heinze et al (12) | 25.0 19.9
Hayden ot al (11) 16.7 24,2
Phillips & Fenton {22) 27.1
Hibbard & Flymn {(13) : 25,5

Jenes (14) 15.8
Flynn et al (9) ' 28,7

Van Duyne et al (26) 21,0
Hayfield & Richard-

son (18) - 27.0
Prosent Work 20,1 13.2 29.5 26.6
(Weighted av. of '
' grades)

' It is o difficultl task to rank the varietics studied
on the tesuita presented here and indeed, such was not the
ebject of this recearch. However, if the values for
starch, crude fiber and vitemin € be considered approxi-
mately equal in a practical sense, then an attempt may be
v'maae to rank phg varieties on harvest yield and processing
characteristies. ,

| Rival was best as it gave the highest yieid in the
@hertes%;grewing perigd._ Stringless Green Pod having a
growing period ome day longer than Tenderped produced a
slightly higher yleld than that variety. Had the growth

periods been equal the yield of Tenderpod would probably
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have beem higher than it was. Tendergreen gave the lowest
yield., . _ |
As far as snippage loss was concerned, Tendergreen

lost é@@% while the other varieoties were aboul even in
snippage loss.

| “Tye gﬁ&de\sizgs 1 agﬁ g ere moat dssirable if ¢he
beans are to be frozen far"commercial‘us@. stringless
Green Fod had ﬁhe.highest percentage af beans in these
grade sizes, followed by Rival, ?@h&@rp@d and Tendergreen.

- Sinece Rival is aorgu%standing in yield it may be
ranke@ first. .Strimglgs@-ﬁrgen Pod having most beans in
the pref@gge@‘gra@e sizea may be ranked second, folibwed |
by Tenderpod. On the basis of the g&c%oﬁs just discussed,

Tendergreen deserves to be placed fourth.
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¥I. CONCLUSIONS

1 enap'begng_gre to be harvested mechanically it is
evident that ﬁnere&sgd_pk&ntigg must be made in order
to equal the yiezd.§y>hand picking. The déze of harvest
must de carefully considered if a majority of a specifiec
grade size ia_&gs;red.‘ .

Rival appears to give a higher yield and to mature
earlier than the other varieties.

- The osrippage loss is sufficiently high in some grades
o warran;-farzher 1nveatiga§ian‘ ‘

?henaeeé o@n%en§ incre&aeﬁ @itg increasing grade
size which should obviate the necessity of determining
percent socd as on indieatiom of stage of maturity,

There is a tendency for the beans to lose weight
slight;y dgrigg storage fog 24 hours a&nr@am tamperature,
whilg gtarch ont the dry basig chows no significant change
ang vitamin € lose is highly significant.

Starch cqn@en@ incrsases ra@i@ly with maturatien and
the relatively aimple and rapid starch analysis of Niel-
sen (19) could easily be used as a Qu&lity control meas-
ure. The starch content on the fresh basis wam below 1
percent in most resulis and in no case exceeded Z percent.
These results compare favoradly with thoss of Chatfield
and Adems (6) who give an average of 2.2 pereent starch

for green beans.
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Ho signifieant difference in vi%gmin € of beans frem
the various grades was vbscrved.

The véri@tieé studied were nol excessively high in
starch or crwde fiber and the ascorbic acid content come

pared faverably with the findingse of othoer workers,
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Vii. SUNUMARY

. A review of the literature on green boans has been
preaente@. I
~ Plgures for harvest yield, yleld by grades and
p?qcessiag losges fég fQur varieties of single-harvest
bush snap beans are shovn in tabular form.

Analyses are given for total solids, starch, cruds

f;bar. and'agggrbi@ aeid on both fresh and a 24 hour
delayed basis.

Bome conclusions from the work are made.
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