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INTRODUCTION

Many investigations have shown that the concentration
of starch, total sugars and reducing sugars change in the
sweet potato during curing; storing and baking. Amylase is
considered to be an important enzyme that may cause some of
these changes since this enzyme is known to be present in
relatively large amounts in the root. In 1953 and 195h the
effects of curing, sﬁoring and baking on the carbohydrate
changes in six varieties of sweet potaftoes grown at four
locations were studied by Ruth Reder, The data showed that
carbohydrate interconversions occurred during these treat-
ments. The objective of the experiments reported in this
thesis was to study some of the characteristics of the amyl-
ase systems of certain varieties of sweet potatoes, It is
hoped that the results will partially explein some of these

carbohydrate changes.,



LITERATURE REVIEW
AMYLASE CONTENT OF SWEET POTATO ROOTS

Gore in 1920 while working on the production of syrup
found that the sweet potato root is rich in amylase (19; 20;
21), The smount of amylase present varied considerably in
different varieties {12, l0). Gore {22) found that two wide-
ly grown varieties of sweetb potatoes; Naney Hall and Porto
Rico, were rich in amylase, Culpepper and Magoon (12)
observed that the maltose increase during cooking varied among
varieties., After baking 35 varieties of sweet potatoes, they
found that Triumph, Nancy Hall, Porto Rice, Yellow Strasburg,
Purple tYam', Georgia, Miles and Mameylta were high in mal-
poge,v“Nakémara et al, (MO) also observed differenceswin
amylase activity between varietiesoynThey obgerved‘thap the
beta-amylase activity varied from 19.8 to 57.9 units per ml.
of sample, The unit was the amount of beta-amylase which
produces one mg, of maltose in one minute at 37OC° Johnstone
(3lL) studied two varieties of sweet potatoes and found that
the amylase activity of Porto Rico was greater than thﬁt of
Triumph. According to Giri ths amylase activity increased
in passing from the skin to the interior of the potato; the
innermost portion having three times the activity of the

regions near the surface (16).



THE RESEMBILIANCE BETWEEN SWEET POTATO BETA-AMYLASE
AND CEREAL AMYLASES

Giri (16) in 193l first observed that the amylase in
sweet potatoes is largely saccharogenic (betamamylase);
resembling cereal amylases and differing from potato amylase
and similar enzymes of animal origin in pH optimum; tempera~
ture stability, molecular weight, turnover number and other
characteristics., Giri (18) also found that sweet potato
laeﬁaaamylase behaved in the hydrolysis of starch like a
pure beta-amylase from barley., The amylase selectively hydrbm
lyzed a portion of the starch leaving & residual material
which resembled erythrogranulose, Shukla (5&) observed in
studies of certain Indian roots that the emylase in white
fleshed sweet potatoes resembled that of malt and is the
beta~type. Crystalline beta-amylase from the sweet potato
and from malt exhibited the same ratioc of saccharifying to
dextrinizing activity, indicating an identity in the enzyme

specificity in these two amylases (38).

THE PRESENCE OF ALPHA-AMYLASE, INVERTASE
AND MALTASE IN SWEET POTATO

Bois and Savary (10) reported the presence of alpha-
amylase énd invertase in addition to beta-amylase in the
sweet potato, They did not find any evidence for a maltase.,
Balls, et al., (5) and Schwimmer (53) found large quantities

of beta-amylase snd maltase, Baba et al, (L) studied the
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amylase in both sweet potato leaves and roots, They observed
that expressed juice of sweet potato leaves; diluted with
water and filtered, had a saccharifying activity on starch.
They btested the sbarch-iodine color reaction and found that
for the expressed juice of sweet potato leaves the starch-
iodine color remained blue even after 120 minutes of digestimn
while the e¢rude sweet potato root amylase converted the
starch-iodine color from wiolet to red. The leaves of the
sweet potato were presumed Lo coentain only betauamylase;
whereas the roots contain a trace of alpha-amylase (L),

Baba and Shimabaysshi (3) alsec found in studies on a partial-
ly purified saccharcgenic enzyme system of sweebt potato leaves,
that the enzyme system showed a higher saccharogenic activity
than the crude enzyme or the crystalline beta-amylase from
sweet potato roots. A comparison of the Increase in rsduc-
ing power and the decrease in subétrate in experiments on

the activity of this system, with maltose as a substrate,

showed that maltase was present in the leaves (3).

THE CHANGE OF AMYLASE ACTIVITY DURING THE PERIODS
OF SPROUTING, GROWTH AND STORAGE

Several workers reported that the amylese aectivity
changed during the periods of sprouting; growth and storage
(2, 24, 25, 39, 58). The liquefying power of amylase de-
creased throughout the periocd of sprouting, while the ssac-
charifying power increassed at the beginning of sprouting

and then decreased gradually (58). Naks et al. (39)



observed that during the early stage of growth of the roots
the pH of pressed juice was low. A general weakening of the
amylase activity was observed during growth, while the pH of
the pressed juice inereased slightly., As the vigor of the
shoots declined; at the termination of the growing season;
the growth rate of the root progressively decreased., Under
these conditions the starch content decreased slightly but
the smylase activity remained high (39). The amylase activ-
ity of the pressed juice was low during early growth of the
storage roots but increased rapidly when top growth stopped
(25), Baba and Shimabayashi (2) observed that amylase activ-
ities in green 1eaves varied with the growth perilods and
varieties, They alsc found that the activity was higher in
the middle leaves than in young or old leaves, Ikemiya and
Yamada (26) studied the change of smylase activity of sweet
potato roots during storage in 1950, Sweebt potatoes were
stored from November ftoc June, The amylase activity increased
rapidly to late December, remained at the maximum for one
month, and then gradually decrsased, After sprouting, the
decrease in amylase a@tivitj was rapid. Tomita reported that

during storage the amylase activiby increased gradually (58).

THE ISOLATION, CRYSTALLIZATION AND CERTAIN CHARACTERISTICS

OF SWEET POTATO BETA-ANMYLASE

Barly studies of the isolation and characteristies of
smylase from sweet potatoes were made by Johnstone (3lL) and

Giri (16, 17). 1In 1925 Johnstone (3li) found that optimum



amylase activity occurred at a pH value of 7 to 9, with a
marked decrease at pH 5., Giril (7) observed that the optimum
pH range for the enzyme was 5,5 to 6.,0. He also reported
that the optimum temperature for the enzyme activity was 50
to 5500o The process of heat inactivation followed a mono-
molecular course., The enzyme was most stable in the pH
range corresponding to its optimum activity (16)9 Balls et
al. (5) in 19h8 crystallized beta-amylase from sweet potatoes.
The beba-amylase was found to account for at least 60% of
the starch breakdown. Spectroscopic examination gave no
indication for the presence of an essential heavy metal or a
recognized prosthetic group., It was found that the enzyme
exhibits its maximum activity in the pH range of L te 5 (l).
Nakayama and Kono (l13) observed that the heat inactivation
of sweet potato beta-amylase proceeded as a first order
reaction with respect to time, The rate of the inactivation
was increased with an increasing concentration of pH 5.l
acetate buffer from 0.0l M to O.1l M as well as with a de-
creasing enzyme concentration, The enzyme preparation was
stable at pH 5.0 to 5.8, with maximum stability against heat
inactivation at pH 5.4 (43). There were substances present
in some vegetable extracts which retard the heat inactivation
of sweet potato beta-amylase (42). The beta-amylase activity
of sweet potato roots was reduced to about 10% of its maxi-
mum by heating at 63°C for onme hour, but about 90% of the
activity remained when it was incubated with a homogenate

from certain vegstables, such as the onion bulb, the leaves



of radish amd turnip. This stabilizing factor was not found
in sweet potato roots (L42). Nakayama and Kono (L) studied
the effects of inorganic and organic substances on heat-
inactivation of sweet potato beta-amylase. They observed
that inorganic ions, such as halogenides, cyanide, sulfate,
phosphate and alkaline earths, more or less increased the
rate of inactivation at 10"'2 M. concentration. In the pres-
ence of organic acids, with the increase in number of car-
boxylic groups in the acid molecule there was an increase in
the inactivation rate. Most monoamino-monocarboxylic acids
and diamino-monocarboxylic acids had little or no effect upon
heat-inactivation rate of the beta-amylase, except glycine
which had a slight protective effect at 1 M. concentration.

3

Monoamino-dicarboxylic acids at 5 x 10 ° M increased the rate
of inactivation. Methyl and n-propylamine slightly increased
the inactivation rate. They assumed that the heat-inactiva-
tion of sweet potato beta-amylase was stimulated by the

charge (positive or negative) of ionic substances, which were

added to the system.
THE CHARACTERISTICS OF SWEET POTATO BETA-AMYLASE

The characteristics of sweet potato amylase has been
studied by Englard et al. (1, 15). The diffusion constant
7

has been determined as D20 . 5.77x10_ cm. per second. The
molecular weight calculated from sedimentation and diffusion data
was 152,0005 15,000, The isoelectric point, as determined

by electrophoresis, was pH L.74 to L4.79. The turnover number
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has been calculated %o be 250,000 glucosidie linkages hydro-
lyzed by one molecule of enzyme per minute at 30°C and pH
1.8 (1L, 15). Unlike the animal alpha-amylase, sweet potato
beta-amylase did not require ¢l or any other anion for its
activity, In contrast to malt alpha-amylase sweet potato

beta~amylase was not activated by Ca%% (15).

INHIBITORS OF SWEET POTATO BETA-~AMYLASE AND THE

MECHANISM OF INHIBITION

Reagents recognized as selective for -SH groups are
powerful inhibitors of sweet potato beta-amylase (15); among
those are p-chlorcmercuribenzoate, silver nitrate, mercurie
chloride, o-iodosobenzoate, and copper sulfate, The inhibl-
tion by p-chloromercuribenzcate can be partially reversed by
glutathione or by 1,2-dithiopropancl (1), Chemical altera-
tion of the -8H groups of beta-amylase by specifi@ reagents
results in a complete loss of enzymatlc activiby. Inactiva-
tion by specific oxidation of -8H groups did not change the
diffusion constant or the sedimentation velocity. Englard
et al. (15) expresses the view that oxidation of the essen-
tial ~-SH groups of beta-amylase to the disulfide form pro-
ceeds by an intramoleculasr mechanism. Bessho (8) studied
the inhibitory effect of ascorbic acid with coppsr salts on
beta-amylase of sweet potato and fcund‘ﬁhat the inhibition
by Gu% is much higher than that by Cu%% but Cu%% strongly
inhibits in the presence of L-=ascorbic acid, This inhibitiom

is aseribed to the reduction of Cu7!7’Z to Cu% by Le~ascorbilce



acid. Addition of 8-hydroxy-quinoline, which readily com-
bines with Cu¥, reverses the inhibition produced by a

mixture of copper sulfate and L-~ascorbic acids The inhibi-
tion is greatly decreased under conditions in which Gu/ is
oxidized to Cu%%; the inhibition is also reversed by cys-
teine, thiourea, or sodium thiosulfate (8). Ito and Abe

(28) express the view that reactivation with cysteine is

due to its competition with the ~-SH groups of the enzyme for
Cuil° The inhibition at 1ater stages of inactivation is not
counteracted by cysteine. Studies on the mechanism of beta-
amylase inhibition by ascorbic acid were made by Rao and

Giri (48). They showed that the inhibition might be due to
adsorption or complex formation of the ascorbic acid with the
substrate; the modified substrate thus formed being less
easily hydrolyzed than the free starch. Dehydroascorbic acid
has no inhibition effect on beta-amylase. Hydrogen peroxide
alone did not inhibit the hydrolysis of starch by amylase,
but in the presence of copper it exerted a feeble inhibitory
effect (48). The mechanism of inhibition by L-ascorbic acid
and Cu’” has been proposed by Ito and Abe (27, 28, 29, 30, 31)
to be as follows: (a) essential -SH groups of beta-amylase com-
bine rapidly with Cuf produced from cu’” and L-ascorbic acid,
to form a cuprous mercaptide; (b) as L-~ascorbic acid decreases,
cuprous mercaptides return partially to free -SH groups, and
* the enzyme recovers its activity. Other parts of mercaptides
undergo an intramolecular rearrangements in the presence of

oxygen to form an inactive disulfide form; the hydrogen
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peroxide accumulated by autoxidation of Lvascorbic.acid has
& promoting effect on this reactionf (c) in later stages of
the L-ascorbic acid sutoxidation, the remaining ~SH groups
in beta~amylase are oxidized to disulfide directly by accum-
ulated hydrogen peroxide. A slight inhibition caused by
L~ascorblc acid alone can only account for the second step
of the mechanism. The inhibition by cuprous mercaptide for-
mation occurs instantaneously and 1s not affected by a
change of temperature, while the subsequent oxidation of
mercaptides by oxygen is slow and requires activation energy.
At low pH values, the extent of cuprous mercaptide formation
is presumed to decrease as the result of a lower affinity of
Cu% for -SH groups in beta-amylase, consequently the oxida-
tion of mercaptide proceeds at a reduced rate, The features
of the cuprous mercaptide formation are quite the same as
those of the inhibition by Ag% but differ in every respect
from those of the inhibition by mercuric chloride and p-
chloromercuribenzoate. Nakayama and Waternabe (1) in 195l
found that the filtrate of radish (daikon) juice contains a
component which protects beta~-amylase from the inhibiting
action of ascorbic acid and Fe7z7[7!c This component has little

or no effect on the inhibiting action of Cu%% and Hg%%°
THE ACTION OF SWEET POTATO BETA-AMYLASE

The action pattern of beta-amylase has been established
by Bernfeld and Burtle (7). The action of sweet potato beta-

amylase followed a multichain mechanism (9, 10)., Peat et al,
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(L7) observed that the action of crystalline sweet potato
beta-amylase was different from that of an amorphous prepa-
ration since the crystalline beta-amylase converted potato
starch into maltose to the extent of 70 per cent. Oshima

et al. (46) found that the degradation of the amylose by
purified beta-amylase reached an arrest point which lay
between 35 and 60 per cent of the total amylose concentra-
tion. Evidence has been presented by Peat et al, (LL7) that
in addition to beta-amylase an enzyme (Z-enzyme) supplements
the beta-amylase in effecting the complete conversion of

amylose to maltose,
THE STARCH OF SWEET POTATO

Sweet potato starch granules are similar in shape to
corn starch granules, but the size is about one and one-half
to two times that of the corn starch granules (56)., Boswell
et al, (11l) reports that the starch content of sweet potatoes
varies according to variety, location and time of growth.
Varietal and environmental differences are reflected in the
gelatinization temperature of the starch. It is assumed
that varietal and environmental factors in some manner affect
the structure of the starch granule. During the cure period
there is a change in the nature of the starch granule which
lowers the temperature at which gelatinization occurs (6).
Weier and Stocking (59) find that sweet potato root starch
gelatinizes at a lower temperature than that at which amylase
is inactivated. Reichert (50) finds that before gelatiniza-
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tion takes place a s%elling of the starch graln begins be-
tween ;5° and 55°C., Sweet potatc starch grains in the initial
stages of swelling show a rapid expansion of the inner lamel-
lae. The surface layers are usually cracked by this iﬁternal
pressure (56). The gelatinization temperature as determined
by Reichert (51) and Sinoda and Kodera (55) is found to be
Yhoce Doremus et al, (13) measured the amylose content of
sweet potato starch and find that spproximately 20 per cent
was amylose, The varietal variation in amylose content is

from 17 to 21 per cent of the total starch.

THE RELATIONSHIP OF AMYLASE AND CARBOHYDRATE

CHANGES DURING BAKING

Changes in starch, total and reducing sugars during the
curing, storage, cooking, dehydration and canning of the
sweet potato are established (37). The study of the amylase
and its relationship to the carbohydrate changes in the sweet
potato during the baking process is mentioned, However, our
knowledge of such a relationship during the period of curing
and storage is still lacking. Gore in 1920-23 (19, 21) was
apparently the first to recognize that the conversion of
stafeh to dexbtrins and maliose at elevated temperature is due
to amylase present In the sweet potato, Maltose formation
in the initial stages of the enzyme action is extremely
rapid. Culpepper and Mageon (12) in 1926 report that during
cooking, the increase of maltose and dextrins is accompanied

by a corresponding decrease in starch. A high dextrin
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content is nearly always assoclated with high maltose content.
The observation that maltose, and dextrins increase and
starch decreases in sweet potateo roots during baking is-
reported by several groups (12, 32, 33, h9). Jenkins and
Gieger (33) observed that the conversion rate of starch to
sugars 1s rapid between 20° and 6500u The rate of enzymatic

hydrolysis of starch is proportional to temperature.



MATERIALS AND METHODS
MATERIALS

Roots harvested at Vegetable Research Station at Bixby,
Oklshoma in October, 1957 were cured at 85° for 6 days then
stored at 55°F, Varieties were designated as Lm3~77; L-180,
L-3-79, Clemson 607, G-52-15-1, Allgold; Oklahoma 51, Porto
Rico, B-6L55, Oklahoma 5l Gmsow,zomz; HM 122; HM 120 and

Redgold.
PREPARATION OF SAMPLES

Dry samples were prepared by cutting 1/2 inch square
longitudinal sections of the root and freeze-drying fto less
.Fhan 10 per cent moisture. These freeze-dried samples were
pulverized in g mortar and stored in screw-=capped bottles
at room temperature or in a refrigerator at BHQFO

One gram aliqﬁots of the freeze-dried flour were
extracted with a total of 200 ml, of distilled water. The
supernatants of this extraction were used for the amylase
determinations.

Ten grams of fresh sweet potato tissue, representing a
sample from not less than six roots, were ground with 200 ml.
of distilled water in a Waring blendeor for ten minutes, The

extracts were then diluted to 500 ml, with distilled water,

i
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mixed well, and allowed to stand for a short period. The
supernatants of these extracts were used for the amylase

determinations.,
EXPERIVENTAL METHODS

The method of Kneen, Sandstedt and Hollenbech (36; 52)
and the method of Kneen and Sandstedt (35) were used for the
determination of alpha- and beta-amylase activibies respec-
tively, The definitions of the alpha- and beta-amylase units
were modified from that given by these authors as follows;

a beta-amylase unit is that amount of enzyme which converts
one gram of starch to maltose in one hour at 3OOC; an alpha-
amylase unit is that amount of enzyme which, under the influ-
ence of an exgcess of betawamylase; willl dextrinize one gram
of starch in one hour at SOOCQ The above unit values were
calculated on a dry weight basis throughout.

The alpha-amylase method of Kneen, Sandstedt and Hol-
lenbeck was a micromethod. Extract equivalent to 0,05 gram
of material was allowed to act on 20 ml, of beba-amylase-
treated 2 per cent 'Lintner starch! (elpha-amylodextrin) for
18 hours at 30°C. At the end of this period constant amounts
of alpha-amylase source (Rhozyme 33) were asdded to the un-
known and to an alphafamylodextrin substrate and the dextrin-
ization tlme measured, Any shortening of the blank dextrin-
ization time was proportional to the degree of dextrinization
which took place in the prolonged action of the unknown

sample., This in furn was. porporbtional. to the amount of alpha-
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amylase in the unknown sample. The alpha-amylase activity
was such in the sweet potato that no correction was needed
in the calculation of beta-amylase activity from the total

determination,
PROCEDURE FOR THE DETERMINATION OF ALPHA-AMYIASE ACTIVITY

Thehprocedure_fOr‘measurement Qf'dextrinization time was
as follows., For each determination, 20 ml, of-buffered
alpha-amylodextrin substrate was added to a 50 ml, Erlenmeyer
flask with water and the enzyme extract added to bring the
tqtal volume of the reacting mixture to 30 ml. The flask
was placed in a water bath for a few minutes to reach 300001
The time of adding the enzyme to the substrate was recorded.
At approppiate time intervals, one ml. of the digesting mik~
ture was withdrawn and added to one of the lodine tubes,
again noting the time, Color comparisons with a standard
were made before a lightly scréened 100-watt 'daylight?
bulb comparitor., The exact time required to reach the match
point was recorded. For accuracy in this analysis the amount
of enzyme solution used was such that the time required to

reach the endpoint was between 10 and 15 minutes.
PROCEDURE FOR THE DETERMINATION OF BETA-AMYLASE ACTIVITY

To 20 ml., of 2 per cent buffered soluble starch solution
of pH li1.55 in a 200 ml, test tube, sufficient water was
added so that the addition of the extract brought the total

volume to 30 ml. When the flask contents had reached 30°C
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the sweet potato extract was added, and the hydrolysis allowed
to proceed for exactly 15 minutes when the reaction was
stopped by the addition of 20 ml., of one per cent sulfuric
acld from a fast-flowing pipette. As the acid was added the
reaction mixture was agitated for rapid mixing. Shortly
after the acid addition, a 5 ml, aliquot of the solubtion was
transferred to a test tube containing 10 ml, of 0,10 N ferri-
cyanide solution. The tubes were immersed in a vigorously
boiling water bath for exactly 20 minutes. The contents were
cooled immediately and rinsed into 125 ml, Erlenmeyer flasks
with 25 ml. of an scetic acid-salt solution containing 20

per cent acetic acid, 7 per cerit KCl, and li per cent ZnSOLLo
7H20? One ml, of soluble starch-potassium iodide solution
was added and the contents titrated with 0.1 N sodium thio-
sulfate, The conversion was made from ferricyanide reduced
to maltose equivalents,

In both the inhibition study and the study of sweetb
potato amylase digesting its own starch at different temper-
atures, one ml, of digestion aliquots were removed at differ-
ent time intervals, and added to 10 ml, of 0,10 N ferricyanide
solution. The same method of reducing sugar measurement was
used. A constant digestion temperature was maintained in a

Dubnoff shaker.



RESULTS AND DISCUSSION
LINEARITY TEST

The purpose of this experiment was to test the linearity
relationship of per cent starch conversion and enzyme con~-
gcentration, In this experiment different levels of enzyme
concentration, O;Sg 1.0, 2.0, 3.0 ml, of 100 mg. per 100 ml,
beta~amylase preparaticn of barley, were added to the pre-
pared !'Lintner starch’ substrates. Digestion of these
mixtures and the methoed of reducing sugar determination

followed the same procedure as previously described, Thg

¥

relationship between per cent starch conversion and mg. beta
amylase of barley as shown in Figure 1l was obtained in this
manner, The relationship be tween beta-amylase concentration
and cénversion of the starch to malbtose was linear up to the
35 per @ent point., It was apparent that when determining
the saccharifying activity of a barley betas-amylase prepara-
tion the enzyme concentration should be so regulated that the
starch conversion did not exceed 35 per cent, This result
compared favorably with the observation of Kneen and Sand-
stedt (35) who found that in ungerminated barley conversion
of the starch to maltoge wés linear up to approximately 30
per cent., Balls et al, (5) and Schwimmer (53) using sweet

potato juice have studled the relatlonship between the beta-

18
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amylase concentration and the per cent starch ecnversion,
They found that a linear relationship held to as high as 50
to 60 per cent of starch conversion, Therefore, it seeméd
safe to conclude that this assay method was satisfactory for

the purpose of this investigation,
AMYLASE ACTIVITY IN SWEET POTATO VARIETIES

The purpose of this experiment was to study the amylase
activity iIn certain sweet potato varieties, Variations in
amylase activity with portions of the root and the effeecis
of curing, storage and extraction method were also observed.
Differences in beta-amylase activity of certain sweet potato
varieties as presented in Table 1 ﬁere found, Those varie-
ties listed from L-3-77 to Oklahoma 51 were higher in beta-
amylase activity than those listed below. The amylase
content of the root was probably the determining factor as
to the amount of starch hydrolyzed and maltose and dextrins
formed in the baking process. Thus the amylase activity
might be related to the qualify of baked sweet potato roots.
Gore (21) suggested that differences in amylase activity
between different varieties of sweet potatoes, and between
sweet potatoes grown under different cultural conditions or
kept under different conditions of storage, might be related
to thelr baking quality. Thus amylase content might serve
as a gulide in the breeding of sweet potato varieties of

superior quality.
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The alpha- and beta-amylase activity of three varieties
of sweet potato roots at harvest and after storage are pre-
sented in Table II. In comparison with the beta-amylase
content, only a trace of alpha-amylase is found-in the sweet
potate roots. This observation confirms the results of Baba
et al. (L) and Balls et al., (5) who found large quantities
of beta-amylase and only traces of alpha-amylase in the sweet
potato roots. The alphawamylase activity is so low that no
correction 1ls needed in calculation of the beta-amylase active-
ity from the total determination. In other words, the total
saccharification in the baking process 1s in a large part
due to beta-amylase, There is little variation in the beta-
amylase activity from the surface te the interlor portion of
the sweet potato roots. This observation is conbtrary to that
of Giri (16). Varietal differences in beta-amylase activity
can also be seen in these three varieties., Allgold has s
higher beta-amylase activity than eilther the Portc Rico or
Georgia Red varietlies, Table II also shows that the amylase
activity of freeze-dried sweet potabto flour decreased after
storage for eight months at room temperature, The amylase
activity decrease in thé Georgia Red variety under these
conditions is hloQ units per gram which is greater than in
Porto Rico or Allgold varieties,

Table III shows that higher wvalues of bebamanylase activ-
ity were obtained when a finely ground, freeze-dried sweet
potato flour is used for extraction instead of a Waring

blendor extract of fresh roots. As indicated in this table
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an average increase of li0,1 units per grem in beta-amylase
activity is obtained for the finely ground freeze-dried
material probably as a result of a more complete extraction.
Thus, extraction of the fresh tissue by Waring blendor is
less efficient than extraction of freeze-dried sweet potato
flour,

The data in Table IV show that the beta-amylase activ-
ity decreaseé during curing and storing., This result is
contrary to that reported by Tomita (58) who found that dur-
ing storage the amylase activity increased gradually. The
amylase activity is more stable in whole root tissue and in
samples stored at a lower temperatures than in freeze-dried
sweet potato flour., This is shown by a comparison of the
activity differsnce in Table II and Table IV. The decrease
in activity shown in Table IV where the whole sweet potato
roots were stored at SMOF in a refrigerater 1s much less
than that shown in Table II where the sweet potatoes were
freeze-dried and stored at room temperature. It is thought
that the amylase is less stable in dry sweet potato which
was dehydrated below enzyme inactivation temperature than

in whole root tissue.
INACTIVATION TEMPERATURE

The purpcse of this experiment was to determine the
inactivation temperature of sweet potato bebts-amylase.
Extracts of two varieties of sweet potatoes, Allgold and

Porto Rico, were studied and compared with a barley beta-
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amylase preparation. Aliquots of the fresh sweet potato
extract (10 grams per 500 ml., water) were held at different
temperatures for 15 minutes then the beta-amylase activity
determined, The results, (Figure 2), showed the inactivation
temperature of sweet potsto beta-amylase when a 15 minutes
treatment interval was used. It was found, (Figure 2); that
the sweet potato started to lose beta-amylase activity at
60°C and the amylase was completely inactivated at 80-85°C
during a 15 minutes treatment pericd. The change of activi-
ty per unit temperature showed a maximum'at leTHOC which
meant that the most rapid inactivation occurred in this temp-
erature range. Barley beta-smylase started to lose amylase
activity at 10°C and was eompletely inactivated in 15 minubes
at 60°C which was about 20° lower than the inactivation temp-
erature of sweet potato beta-amylase, However an exact
comparison of the inactivation temperature of these two beta-
amylases still should not be made from.these results since
the sample of sweet pctato bebta-amylase was a erude extract
while the barley beta-smylase was virtually free of alpha-
amylase, The sweet potato beta-amylase probably might be
stabilized by combining it with the substrate of the sample
and inactivation retarded. The maximum change of barley

beta-amylase activity occurred at 52°C.
OPTIMUM SACCHARIFICATION REMPERATURE

The optimum ssccharification temperature of sweet

potato beta-amylase was determined by the same procedure.
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However, in this study the digestion temperature was changed
from 3000 to other selected temperatures. The reducing
sugar produced at different temperatures was assumed to be
maltose. The per cent starch conversion was then caleculated
from the maltose value,

The results are shown in Figure 3. It may be seen from
Figure 3 that the starch conversion power, or saccharifica=-
tion power, increases as temperatures increased from 20° to
6OOG9 this increase being almost a straight line function
for this temperature range. The maximum saccharification
power of beta-amylase is reached at 55-60°C and decreases
rapidly thereafter. Saccharification power is completely
lost at 85-90°C in 15 minutes. The results compare quite
well for the two varieties studied. The increase of saccha-
rification power as temperature increased from 20° po 60°¢
is a result of an increasing rate of enzymatic hydrolysis of
starch. This observation confirms the results of Jenkins
and‘Gieger (33) who found that the conversion rate of starch
to sugars in the sweet potatoc 1s rapid between 20° and 65°¢,
They alsc report that the rate of enzymatic hydrolysis of
starch was directly proportional to temperature., Above
60°C the rapid drop of saccharification power as the temp-
erature increased 1s apparently a result of enzyme inacti-
vation. The saccharification power is eoptimum at 55° to
60°C which is the same as the result of Ono and Takahara
(hS) who observed that the optimum saccharification was 55°C,

This temperature is a little higher than the result of Giri
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(16) who found that the optimum temperature for the enzyme
was 50-55°C. The Allgold variety has a higher beta-amylase
activity than the Porte Rice variety. By comparing the
slopes of the curves for the two varieties in Figure 3; it
may be seen that beta-amylase of Allgold shows a more rapid
saccharification than Porto Rico amylase at temperatures
lower than 6000° The hydrolysis of starch is rapid from

20° to SOOC for the barley beta-amylase, The optimum sac-
charification temperabture 1is 5000e After SOOC the sacchari-
fication power decreases rapldly as ftemperature increases.

At 7000 only a slight saccharification power remains,
OPTIMUM PH RANGE

In this experiment pH values in the range 30h to 6.8
were studied. Acetic acid-sodium acetate buffers were used,
Extracts of fresh sweet potato tissue of the varieties All-
gold and Porto Rico were digested with the soluble starch
buffered solutions for 15 minutes and the reducing sugar
produced.was indicated by the amount of 0.10 N ferricyanide
reduced, _

The results are shown in Figure L. The cptimum pH for
the amylase activity is in the wide range of L.25 to 6.25.
The amylase actlivity diminishes considerably at the pH fo
either side and ceases complebely at a pH either higher thén
6.80 or lower than 3,50, The pH optimum observed in this
experiment is very close to the observation of Giri {16)

who found that the ocptimum pH for the enzyme was 5.5 to
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6.0, but this result is contrary to the report of Johnstone
(3l) who found that the optimum amylase activity occurs in a
range of pH value from 7 to 9, with a marked decrease of
activity at pH 5. Since the samples used in this experiment
are crude extracts of sweet pobato root tissue, trace amounts
alpha-amylase, maltase and other enzymes may be present in
the preparations, However, the concentrations of these other
enzymes in the sweet‘petato are shown to be very low in
Experiment I and alsc by the works of Baba et al, (L), Balls
et al. (5) and Schwimmer (53). It is unlikely that these
traces of enzymes would introduce a significant distortion

in the pH optimum curve of the beta-amylase of sweet potato.

THE STUDY OF THE ACTICN OF BETA-AMYLASE IN HYDROLYZING

THE NATURAL OCCURRING SWEET POTATO STARCH

Freeze-dried sweet potato flour was digested in water
at a constant temperature in the Dubnoffl shaker. At certain
intervals aliquots of the supernatants were removed for
reducing sugar determinations. An ethanol-heat treated
sample was digested in the same manner and used as an indi-
cation ¢of the non-enzymatic hydrolysis of starch. The
ethanol and heat treatmﬁnt was as follows, A portion of
sweet potato flour (0.5 or 1.0 gram) was treated with 15 ml,
of 95 per cent ethanocl and held at 7806 until the ethanol
was completely evapwratedo. |

Figure 5 shows the results of the digestion at 53°C of

two different levels of sweet potato flour; one gram per 20
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ml, of water, and 0.5 gram per 20 ml, of water., Saccharifi-
cation takes place rapidly in the first half hour with the
untreated samples, after that the rate of maltose production
decreases, Only a small amcount of maltose was produced from
3.5 to 5.5 hours incubation. This is probably due to lack
of starch available for hydrolysis in the incubation flask,
For the ethanol-heat treated sample only a slight increase
of maltose is shown during the entire digestion period., It
is of interest that sweet potatoc flour starch may be partial-
ly hydrolyzed by the action of the amylase present in the
sweet potato though the suggested gelatinization temperature
of the sweet potatoc starch has not been reached. Alsberg
and Griffing (1) have shown that the starch granules may be
injured in the grinding process, so that a part of the starch
swells and disperses when water is added, Stamberg and
Bailey (57) have also demonstrasted that raw wheat starch
which had been finely pulverized ls easily hydrolyzed by
both alpha- and beta-amylases, It is reasonable therefore
to assume that the action on the sweet potato raw starch by
the amylase in the sweef% potato is partly due to the starch
injured in the grinding preocess, It 1s also recognized that
under 539C large portions of the sweet potato starch are
available for the enzymatic hydrolysis.

Figure 6 shows the different levels of maltose produced
at different incubation temperatures., In this study one gram
portions of each sample are incubafted with 25 ml. of distill-

ed water, Results of this expsriment clearly show that the
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amounts of maltose produced increases gradually as the incu-
bation temperature increases from 50.5° to 58.5°C. It may
also be seen from the slopes of these curves that the rate

of starch hydrolysis by the amylase increases rapidly as the
temperature is increased, These results confirm the observa-
tions of Jenkins and Gieger (33). When a comparison is made
of the maltose produced by an ethancl-=treated sample to the
maltose produced by an untreated sample it is shown that 95
per cent ethanol has little effect on the amylase activity
of the sweet potato, The ethanol in this treatment is

removed under vacuwvm at a low temperabture.

THE STUDY OF THE INHIBITORY EFFECTS OF SEVERAL COMPOUNDS
ON THE BETA-ANMYLASE OF THE SWEET POTATO

The general methods used were the same as in the study
of the ae¢tion of beta-amylase in hydrolyzing the natural
occurring sweet potato starch, The finely ground freeze=
dried sweet potate flour extracts of one gram per 25 ml.
distilled water or with different inhibitory compounds were
digested in a constant temperature Dubnoff shaker as was an
ethanol-heat treated sample. AL certain intervals ons ml,
allquots of the supernatant were taken and tested for sugars
as previously described. Three sweebt potato varieties, All-
gold, Porte Rico and L-3-79 were studied. The following
chemical reagents were tested for thelr inhibitory effects:

3

10-5M silver nitrate, 1075M mercuric chloride, 10 M copper

6

sulfate, 10-3M iodoscbenzoic acid, 5x10° "M p-chloromercur=
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ibenzoic acid Na-salt, 10-3M ascorbic acid.

The results are presented in Pigures 7-10, It is shown
in Figures 7 and 8 that for the Porto Rico and Allgold varie-
ties the maltose produced is much less in the samples contain-
ing inhibitory compounds than in the untreated samples., I%
is known that lOm3M copper sulfabe; 10“3M iedosobenzoic acid;
10=5M silver nitrate and 107°M mercuric chloride have an
inhibitory effect on the beta-amylase of the sweet potato
roots., When compared with the level of maltose produced in
the ethanol-heat treated samples, it 1s clearly shown that
the beta-amylase 1s not completely inhibited by these reagents.
Since the levels of the inhibition curves are not parallel
for the two varieties studied, no conclusion is made as %o
which resgent has the greatest inhibitory effect on beta-
amylase, However, this study does support the cbservation
of Englard (1, 15} thst copper sulfate, iodoscbenzoic acid,
silver nitrate and mercuric chloride are inhibitors of sweet
potato beta-amylase, Flgures § and 10 show the effects of
p=chloromercuribenzoate and ascorbic acid on beta-amylase
actbivity of the sweet potato, As shown Iin these two figures
5x10=6M p-chloromercuribenzgcate and l@ij ascorbic acid
slightly inhibit the betsz-amylase of Allgeold and L=3-79
varieties., Since p-chloromercuribenzeoate has also been recog-
nized as a reagent selective for -SH groups, the slight inhi-
bition observed by this reagent is possibly due to the low

concentration of the compound in it. Ascorbic acid has very
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little inhibitory effect on the beta-amylase of Porto Rico
variety as shown in Figure 9. However, 1t may be concluded
from this experiment that the compounds tested are inhibi-

tors of sweet potato beta-amylase.,



SUMMARY AND CONCLUSIONS

Some of the characteristics of beta-amylase in certain
varieties of sweet potato were gtudied for the purpose of -
determining the relationship of amylase to carbohydrate
changes that occur during curing, storing and baking.

During the baking process the transformation of starch
to maltose and dextrins is by the action of amylase present
in the sweet potato roots until the inactivation temperature
of the enzyme has been reached, The amount of maltose and
dextrin increase is determined by the starch content, degree
of gelatinization of the staréhg amylase activity, tempera-
ture and time of baking; pH of the root juice and certain
other factors as yet undetermined.

‘ Small amounts of maltqse were produced by betamamylase
when the sweet potato flour was digested with water at SOeSOC
for 5 hours. However, as the bemperature increassed gradually
from 50.5° to 58,5°C large quantities of maltose were produced.
It was found that a partisl gelatinizsbtion of sweet potfato
flour starch occurred after the digesti@n temperature reached
SOOC° During the first half hour the hydrolysis was rapid,
Sweet potatoes lost a part of theilr beta-amylase activity
when the extracts were held at a bemperature of éO@C for 15

minutes., Bebta-amylase was completely inactivated at 80-85%¢

30
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in lS‘minutesuv Maximum saccharification power was observed
in the temperature range of 55° to 60°C and the pH range of
.25 to 6.25 when beta-amylase hydrolyzed the gelatinized
iLintner starch' in the 15 minutes tests., More maltose and
dextring were produced when the baking temperature was in-
creased slowly. After the temperature passed 60°C the amount
of starch hydrolysis deereased, After the temperature reached
80-85°C for 15 minutes, almost no enzymatic hydrolysis of
starch occurred,

The following compounds were observed to have an inhibi-
tory effect on the sweet potato beta-amylase activity: cop-
per sulfate, silver nitrate, mercuric chloride, iodosobenzoic
acid, p-chloromercuribenzoate and ascorbic acid., The inhibi-
tion caused by ascorbie acid was considerably lower than that

of other compounds.



9.
10,

11,
12,

13.

15,

LITERATURE CITED

Alsberg, C. L., and Griffing, E. P., Cereal Chem.,, 2,
325 (1925)

Baba, A., and Shimabayashi, Y., J. Agr. Chem. Soc. Japan,
26, 142 (1952), through Chem. Abstr., L8, 9l82a (195L)

Baba, A., and Shimabayashi, Y., J. Agr. Chem., Soc. Japan,
28, 372 (195}4), through Chem., Abstr., L8, 9482a (195l)

Baba, A., Shimabayashi, Y., and Iwamota, K., J. Agr.
Chem, Soc. Japan, 25, 252 (1951), through Chem., Abstr.,
L6, 10305¢ (1952

Balls, A. K., Walden, M. K,, and Thompson, R. R., J.
Biol, Chem., 173, 9 (19L8)

Barham, H. N,, Wagoner, J, A., Williams, B. M., and Reed,
G. No, J. Agr. Research, 68, 331 (194k)

Berggelds P., and Burtle, P., Helv, Chim. Acta., 31, 106
(1958)

Bessho, H,, Nippon Nogei-kagaku Kaishi, 28, 143 (195L),
through Chem. Abstr., 51, 7458h (1947)

Bird, R., and Hopkins, R. H., Biochem., J., 56, 1LO (195l )

Bois, BE., and Savary, J., Can., J. Research, 20B, 195
(19k2) T

Boswell, V. R., et al., U. S. Dept. Agr., Circ. 71l

(194d4)

Culpepper, C, W., and Magoon, C. KA., J. Agr. Researchg
33, 627 (1926) .

Doremus, G. L., Crenshaw, F. A., and Thurber, F. H.,
Cereal Chem., 28, 308 (1951)

Englard, 8., and Singer, T. P., J. Biol. Chem. 187, 213
(1950)

Englard, 8., Sorof, S., and Singer, T. P., J..Biol. Chem,,
189, 217 (1951)

32



16,

17.
18.

19.
20,
21.
22,

23,

25,

26.

27,
28.
29,
30,
31,
32,
33.

3h.
35,

Giri, K. V., J. Indian Chem. SOGQQ 11, 339 (193k),
through Chem, Abstr., 28, 6162-6 530, )

Giri, K. V., Biochem. Z., 275, 106 (193l )

Giri, X. V., J. Indian Chem, Soc,, 15, 29 (1938),
through Chem, Abstr., 32, 8461-7 (1938)

Gore, Hs C., J, Biol, Chem., W), 19 (1920)

Gore, H. C., Chem. Age, 29, 151 (1921)

Gore, H, C., Ind. and Eng., Chem., 15, 938 (1923)
Gore, H. G., Ind. and Eng. Chem.,, 15, 1238 (1923)

Hopglns R. H., and Jelinek, B., Biochem. J., 56, 136
(1954)

Ikemiya, Mo J. Fermentation Technol., (Japan), s
2li1 (1981),through Chem, Abstr., L8, 2836d (19

Ikemiya, M., and Yamada, J., J. Fermentation Technol,
(Japan), 28 265 (1950) through Chem, Abstr., 47,
12531g (l“§3)

Tkemiya, M., and Yamadag do, Jdo Fermentation Technol,
(Japan), 28, 392 (1950), through Chem, Abstr., L7,
12531g (Im§3

33

Ito, M., and Abe, M., J. Agr. Chem, Soc. Japan, 27, L86

(1953), through Chem. Abstr., L8, 5897g 5898a (T55h )

Ito, M., and Abe, M., J. Agr. Chem., Soc. Japan, 27, 762

(1953) through Chem, Abstr,., L8, 59871 (195h4)

Tto, M., and Abe, M., J. Agr. Chem, Soc. Japan, 28, 15
(198,), “through Chem. Abstr., I8, 59871 (1954)

Ito, M., and Abe, M., J. &gr. Chem, Scc, Japan, 28, 368

(195&) through Chem, Abstr., 19, 6336n (1955)

Ito, M., and Abe, M., J. Agr. Chem, Soc, Japan, 28, 751

(195&)9 through Chem. Abstr., 49, 6337a (1955)

Jenklnss_W. FP., and Gleger, M., Food Research, 22, 32
(1957)

Jenklnss W. ., and Gieger, M., Food Research, 22, 1L20
(1957)

Johnstone, C. R., Botan. Gaz., 80, 15 (1925)

Kneen, E., and Sandstedt, R. M., Cereal Chem,, 18, 237
(1941)



36,

37,
38.

39.
lio,
b1
L2,

L3
Ll
L5,

L6,

47;
L8.

h9.

50,

3l

Kneen, E., Sandstedt, R. M., and Hollanbeck C. M.
Cereal Chem., 20, 99 (1943)

Lambou, M. G., Food Te@hnolog 1z, 150 (1958)

Meyer, K. H., Fischer, E. H.,, and Piguet, Aos Helv, Chim,
Acta, 3l, 316 (1951)

Naka, J., Omomu'EJ H., and Kuretani, M., Proc, Crop. Sci,
Soc, Japan, 21, 145 (1952), through Biol. Abstr., 29,
29666 (1955)"

Nakamura, M,9 Yamazaklg X.,, and Mauro, B., J. Agr. Chem.
Soc. Japan, 2l, 197 (1951), through Chem. Abstr., L5,
66694 (1951)

Nakamura Sag and Watanabe Y., ts. Scl. Living,
Osaks Clty Univ. 2, No. 3, 31 (l@Sﬁ)Q through Chem,
Abstr, 429 1h925F (1955)

Nakayama, S., and Yoshiko, K., Nippon Kogei-kagaku
Kaishi, 30, 340 (1956), *hrough Chem, Abstr., 51,
18035b (1957)

Nakayama, S., and Kono, Y., J, Blocheme (Tokyo)
(1), 25 (1957), through Biol. Abstr. , 6528 (1958)

Nakayama, S., and Kono, Y., J. Biochem, (Tokyo)ﬁ L5
(), 243" (1958)

Ono, H., and Takahara, Y., Rept., Fermentation Research
Insga 9, 37 {1953), through Chem. Abstr., 50, 2117b
(1956)" o

Oshima, Y., Huda, NOQ and Shirakawa, M., Sci. Bull. Fac,
Agr. Kyushu Un1v09 (1), 73 (1953)9 through Biol.
Abstrog 28, 5337 (19 )

Peat, S., Pirt, S. Jog and Whelan, W, J., J. Chem., Soc.,
705 (1952)

Rao, P, and Giri, K, V., Proc, Indian Acad., Seci.
Seck, B, °28 (2), 71 (191,8), through Biol., Abstr., 23,

11,7 (1959)

Reder, R., and Cordner, H. B., 195l Unpublished Dats,
Bicchemistry Dept, Files, Oklahoma Agricultural Experi-
ment Station, Cklshoma State University, Stillwater,
Oklahoma.,

Reichert, Es T., The Differentiation and Specificity of
Starches in Relation to Genera, Species, ect., Carnegie
Tnst. Wash. Pub., 1913, 17k,




35

51. Reichert, E., T.,, The Differentiation and Specificity of
Starches in Relation to Genera, Specles, ect., Carnegie
Inst, Washo Pubeg 19139 336

52, Sandstedt, R. M., Kneeng E09 and Blish, M. J., Cereal
Chem. 16, 712 (1939)

53. Schwimmer, 8., Cereal Chem, m& 71 (19h7)

5y, Shukla, J. Po, J. Indian Chem., Soc, 21, 223 (19&&
through Chem, Abstr., 39, 2773-3 19&3)

55, Sinoda, 0., and Kodera, S., Biochem. J., gé 1, 650
(1932)°

56, Sjostrom, 0. A., Ind. and Eng. Chem, 28, 63 (1936)

57. Stamberg, O. E., and Bailey, C., H., Cereal Chem., 10,
319 (1939)

58, Tomita, K., J. Fermentation Technol, (Japan), 28 432
(1950)9 through Chem. Abstr., L7, 2280h (1953)

59, Weier, T. E., and Stockihg, R., Advances in Food Resesarch,
2, 322 (19497 -



TABLE T

Varietal Differences of Beta-amylase
Activity in Certain Varieties of Sweet
Potatoes as Determined on Extracts of
Fresh Roots at Harvest and Freeze-Dried
Roots after Cure and Storage

Specific Activity of Beta-amylase

Variety Fresh, At Harves®t ! Freeze=Pried, Alter
Units/gram (Dry Basis) |{Storage Units/gram
(Dry Basis)
L-3=77 100.9 98,3
L-180 97 .9 118.1
L-3=79 8ly.1 135.9
Clemson 607 79.6 95,0
G=-52-15-1 70,1 101,.7
Allgold 737 119.9
Oklahoma 51 71,6 101,5
Porto Rico 59.3 70,0
B-6l,55 5943 39.2
Oklahoma 5l 59,3 707
G-50-30-2 56.9 -
HM 122 li.9 78,1
HM 120 9.3 hli.a
Redgold N 8,7
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TABLE II

Alpha- and Beta-asmylase Activity in Three Varieties

LE

of Bweet Potato Roobts, Sampled at Harvest and After

Storage, Extracted from Freeze-Dried Root Tissue.

# #
At Harvest After Storage Decrease of Beta-
Portion of Alpha—amylase Beta—amylose Beta~-amylase amylase Aetivity
Variety Root Activity Activity Activity after Storage
Unite/gran Units/gram Units/gram Units/gram
Dry Bagis Dry Basis Dry Ragis Dry Basis
Mlgold | Center 1/3 0,22 93,7 5604
Intermediate 1/3 C.24 92,0 52,6
Oater 1/3 0,20 Thody lss O
Averags 0,22 87,0 51,0 36,0
Porte | Center 1/3 0,19 61.8 45,0
Rico Intermediate 1/3 0,22 61.2 4204
1 Outer 1/3 0,13 674 - 55,2
Average 0,18 63,5 47.6 15,9
Georgia | Center 1/3 , 0,12 602 22,2
Red Intermediate 1/3 e e ===
Outer 1/3 0,12 6406 22.7
Averags 0,12 YA 22.5 41,9

# After eight months room temperature storage of the sweet potato flour




Beta~-amylase Activity of Certain Sweet Potato Varieties

TABLE III

as Determined on Extracts of FPresh and Preeze-Dried Tissue
from Cured and Stored Roois

Beta~amylase Activity of Five Sweet Potato Varieties

Cemiot prifi@ Adgﬂ%tg of B;taui#wiw% Ratio Fresh/
ariety reeze-Drie Fres Fresze-Dri
Units/gram Units/gram Freeze-Dried
L-3-79 135.9 62,2 00%6
Allgold 119,9 72,2 0,060
L-180 118,1 7he3 0.63
Clemson 607 95,0 69,3 0.73
Porto Rico 70,0 ﬁ5ou 0,51
Redgold 58.7 367 0.7k
Averags for -
six Varieties | 996 595 0,60
TABLE IV

a5 Determined on BExtracts of PFresh Root Tissue at

Harvest, and on Cured and Stored Roots
Specific Beta-amylase Activity
- “Ratic
Variety At Harvest | Cured and Storagse Cured and Stored
Units/gram Units/gram At Harvest
v Dry Basis Dry Basic
=3-79 8L .1 62,2 007%
1lgold T3.7 72.2 0.9
L,-180 979 7h.3 0,76
Clemson 607 79,6 9.3 0,87
Porto Rico | 59,3 35,0 0,60
Average
For Five 78.9 62,7 0.80
Varieties |
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mercuribenzoate and Ascorbiz Acid on the
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