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Active dry yeast (ADY) is a dehydrated form of baker's yeast witk
a moisture conteut of about 8%. It has an advantAge oveI fresh baker'g
yeast ini the fact that it does not 1equire refrigeration, and its sheiT­
life varies from 1-12 months depending on the storage conditions.
Its stAbility is inversily proportional to the storage temperature,
Theissen (1942), Morse and Fellers (1949) and Felsher et al. (1955)
Also atmospherie oxygen has an adverse efTect upon the storge sا B;­
lity of (ADY) Crمa e et al. (1955), and it has t beم rehumified with
water vapor before reconstitution to give satisfactory baking activity,
Mitehell and Enright (1957), and Sant aid Peterson (1958).

Peppler aid Rudett (1953, HerreFa et .l ة (1956), Ponte et al.
(1960) and Chei et al. (1966) have thoroughly investigated the Ioss
of viAbility of {ADY) on rehydration at difrerent temperatures 1ang­
ing 1rom 450C in feiation to (ADY)'s original water content. Also
they studied thة stability of (ADY) on storage at wide ranges of tem­
peratufe and relative humidities in the presence of atmospheric oxygen
They attributed the oss of yeast viabilty rith leaching or extraction
of vital cell constituents from dry cells on rehydration. This is due
to the failure of the plasma membrane of the dry yeast cell to 1ecover
its original structure on 1ehydration.

The purpose of the present studies, however, is t investigAteم
the efrect of storing (ADY) uunder vwide ranges of both temperature
and 1elative humidity on the staAbility of some of its individual enzymes,
namely invertيse ahd cathLse.
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MATERLALS A8n 2ETIoDS

Tast Orgunisn :

ComneRcial active cry ye:ust Was wن ud a5 vie ::t:1ting mateiial forه -

tle present stucic5. I is avail:lle fvom t'e ( S!%1c! PIoducts and
Yeast Co.) a5 750 g. cNpacity vacuuL Peel:>? 13'0٦ cu83. TZe active
cry yuast has a light ian colu with li rhi ب 8?krti, enc ٤ 2rint {riable
cylindrical structuIe of abct' 2 mm. diitnet4٠. 1t h?s to be mildly
cIushed to obtain snall paticlss. After ,ing. ؟2 Darticle fractions
٥f 0.7 1 mm, diamcteis wee used. 'This {raction r٤5 iound to hate
6.5%6 waten content, while cell wiability mas i1Taiably above 90%6.

Relatie Iwmiit Coatrol :

Moistu1e chambers were prepared using pla%.tic containeIs 0f 12
cm. dimete1: and 8 cm. Ieight. Iach containeY has a plaslic central
well (38 cm. diameter and cm. Iight ) fixed to its foo1. ALout 40
gms. 0f (ADY) were transfeIrcd and crnlly dispersed ovei the foor
of the plastic contaiIer, while tle central well 1eceived specified satur­
ated salt solutions in contacL with its :olid plse to give tle desired
relative humidity at the spcifiel storagc tempeIatur. Relative

= ة

humidity waG contolled accoITling to the tabl3 1reseAted by O'B1ien
(1948). 'The plastic containe1s vere tightiy euled ج and stored at the
desied temperature. TiIee levels of stoage temperature ve1e u3ed,
200G, 30%G and 370, while relatiive humidity ranged between 52- 93%.

Aeetono Dryin٥ 0f Hamid (ADY) :

Storing (ADY) in atnospheIes of high 1el:tive humidity increases
its water content, so it was mecessaly to d1y the cells without affecting
its enzyme activity. 'Tlis was done accoding to Umbreit et al. (1964),
by shalcig fo1 90 sec. about 2 g. of the stoIed (ADY) in a conical
fask containig 150 ml. aetone at -10G. Using a Buclner funnel,
cells were filtered off the acetone, air dried and finally kept in a
desiccAtor over GACl, fo1 at least thee days.

Imaertasc ASSu? :

TIi was done eccording to Sumnner and IIowell (1935) witi little
modificatiions as follows :

250 mg. acetone dried (ADY) rere transferred to 100 ml. capacity
Erlenreyer fask, to whicl one ml. distilled water was added. CElls
were left to reconstitute for ten miutes at 30G, then 40 ml. of 59
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sucrose Eolution in 0.01 M. acetate bufTer pH 4.8 at 30%C were added.
The incubation mixture was kept in a water bath at $0%C for 30
minutes and mas shaken every 6 minutes. 0.6 g. solid sodium ca1-
bonate were then added to the incubation mitue to stop the reaction
and let the sugar to mutarotate. Cells were centrifiged at 3000 r.p.m.
for 15 min, The supernatant, horever, was transfeIred to a polari­
reter tabe 150.3 mm long, and the optical rotation was detemmined
using a CaIl Zeiss Jena polarimeter with a sodium vapor lamp.

Catalمse Assa0 : ·3-:٠ ء• تميطهم

THis was done according to Maehly and Chance (1954) with little
modifications : 150 mg. acetone dried (ADY) were transferred to 250
ml. capacity Erlenmeyer fask, and 36 f .لد0 0.05 M. Phosphate bufrer
pH7 were then added. Cells were left for 10 min. to reconstitute at
250C. While the cell suspension was mechanically stirred at 25%0,
2 ml. of hydrogen peroxide solution ( adjusted to give a final concent
1ation approximately 0.03 M. ) mere added. After 30 sec. the reac­
tion was stopped by adding 2 ml. of 506 sulfuric acid. Cells were
then centrifuged for 15 min, at 3000 r.p.m. Residual hydrogen pero­
Kide was determined by titrating 10 mL. portions of the supernatant
with standard 0.03 N potassium permanganate sulution. A blan
wvas Tun without adding cells for determining the origial concentra­
tion of hydrogen peroxide. Since on reconstitution (ADY) cells sec­
rete some constituents with a reducing porer, another blank was rn
without adding hydrogen peroxide. Catalase activity was expressed
as tho amount of consumed hydrogen peroxide expressed in ml. stand­
ard 0.03 N potassium permanganate solution used in titration, while
invertase activity was expreGsed as the reduction in degrees of rota­
tion However, the stability of each enzyme was expressed as the
percent of its original activity retained after storage

Cell Vةabiit :

Echigo et al. (1966) working on the viability of active dry yeast
found that resu!ts obtined using the methylene blue staining method
were in agreement mith those obtained by the colony count method.
In the present studies cell viability was detemmined using the mythy­
lene blue staining method descrihed as follows : 50 mg. (ADY) were
hydrated mith 1.5ml. water at 30%C and stained mitl 0.01% methylene
blue solution. Stained and unstined fractions mere counted with a
hemocytometer under the micioscop The peIcentage of the unstained
fraction represents the vialility of cells.
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Jater Vampor Adsorptio Isotierm :

THis was done according to Skuزز ns and McLaren (1967). Ground
{ADY) fractions witl particle diameter of not moe thban 0.4 mm.
were used. Samples containing 100-150 mg. of (ADY) were put in
a desiccator oveI phosphorous pentoxide. After reaching a constant
weight, they wene placed in moisture chambers at 20%0, 30%C and 376C,
and the relative humidity ranged between 7 - 97%. $ample were
weighed every 3 hours till maximum increase in weight was reached.
This takes about 48 hours.

Cell Autolasis :

After reaching maximum increase in meight, samples were kept
in the moist chambers and weighed every 24 hrg. for 7 days and the
decrease in weight was recorded. Decrese in weight is due t cellم
:utolysis which starts in cells after they reach a critical moisture cont­
ent at whicl autolytic enzyreg becpme actiye.

RESULTS AND DISCUSSIONS
Both invertase and catAlase are surface enzypes fixe4 t theم  إلمي

membrance, Kaplan (1965), and by vittue, khey [ لأم bغ direcإt y afيؤ ­
ted by the test condiions.

Fig. 1 represents {he stability of bpth inverkase and catalase after
4 week storage at 200C, 300 and $7%C, at rElative bumidities ranging
between 52-93%. 0ne notes that storage at 20%C hoyed ي some pro
t ctionع on catalase stabiity. Ygt, relatiye humidities higher than
7706 extered a dgletprious efFect on catalase stabiity irrespective of
the storage terpperature.

Fig. 2, however, presents invertase stabiliEy after both ]0 apلإ 
16 weeks storage at ,c ف20 30%C and 37%G. One note thit, although
invertase showed relatively high stability over catlase, yet, prolonged
storage at relatively high temperatures and relative hunidities exerted
a deletorious efTect on its stability.

Rates 0f cell autolysis as a function of both temperabre and
relative humidity shown in Fig. 8, run parallel t theم water adsorp­
tion isothern of whole yeast cells. Practically, no cell autolysis could
be recorded for cells stored at relative humidities lower than 30%.
Also, higher rates of cell autolysis were obtained at higher tempera­
tures. This is in close agreement with the viable count of store
yeast cells presented in 'Table 1. So thermosensitivity of both enzy­
mes at higher ranges 0f relative humidity could be attributed to cell

 و
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autolysis. This does not comp'etely hold tIue foY catalase, since after
4-weels storage at about 93%6 R.H. (ADY)'s wiable cell counts were
72%, 55% and 0%6 at 20C, 30-C and 370C 1e3pectively. However,
catalase activitiesere aLmost negligible undeI the same conditions.
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Fig. 1 = Sمt bللإ ity of (ADY)'s lnvertae ndه catalass fterم four weeks BtonAga As ٥
function ot reLntive humidity. Open cirecs, triangles, and sauurs are for lnverزAمg

res مla مع are tor cet20 صoC, 30oC And 37oC, respectively. Solla crccs, trianplcs and squ4ه 
at 20oC, 30eC and 370C, respeeively.

Koga et ( .لة(1966 studied the physical properties of eell water in
partially dried baker's yeast. They found that the pbysical state of
tha microke ean be classified into four regions in accordance with the
states of cell water : the localized water region, the mobile adsorption
region and the gلe region, mhen cell possess mater centent up to 5%,
10% and 2056 respectively. Cells possessing mater contents higher
than 20%6 are said to be in the solution region.

From the water adsorption isotherm, one notes that cells stored
at 60% R.H. possess 10%6 water content, while cells stored at 80% R.H.
p0ssess 20% water. Itwas found that storing (ADY) for four weeks
at relative humidities higher than 80% had a deletorious efTect over
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catalase activity, mhile invertse mas only slightly afTected. So cata­
lase stability is highly affected by its degree of hydration.

،
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Fig. 2< Stabllity of (ADY)'s Inveruase after ten and I6 weels storagc as a functlon
of relatve bumidity. Open circles, triangles and squares are for ten rceks storage at
206C, 300C and 37oC respecUIvely. Solid. circles, trIangles ndه snuAres are for 16 weeks

.nd 37oC respcctivelyه rago at 205C,30oCمtء 

TABLE 1

The effet of storage conditions on the viable count of active
dry yeast cells.

Temperature 20-0 300G 370G

Weeks 10 16 10 16 10 16

RH % % RH % %6 RH % 66
52% 90 81 54% 90 74 52.4% 62 87
58% 90 69 63% 69 88 61.5% 69 5
73% 59 61 76% 27 0 71.5% 0 0
79% 45 41 81% 8 0 81.7% 0 0
93% 48 0 93% 0 0 90.0% 0 0
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Iig. 3 Solid crcles are for watcr Adsorption isouher ot mhole yEدst cclls at
30oC. Open sguares, circles and triangles are rates af cel autlysis per week at 20oC,
34C and 3ToC, respeeively.

Sumner and Dounce (1937) have demonstated that catalase is a
coniugated protein with four iron atoms per molecule. Also Neumann
and Lampen (1967) recently studied the chemical composition of in­
vertase 'The enzye was shown to be a glycoprotein mhich contains
about 50%, carbodydrate, predominently mannan mithEmall percentage
of glucan. This raises the question whether conjugation of mannan mith
the protein might play a role in the stbility of invertase at higher
degrees of hydIation.

ABSTRACT

Temperature, relative humidity and atmospheric oxygen have al­
ready been shown to exert a deletorious efTect on the storage stability
of active dry yeast (ADY) cells. Stability of (ADY)'s individual
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enzymes nahely invertase and catalase, was investigated on stoRage
at difFerent temperatures and relative humidity in the presence of
atmospheric oxygen.

Catalase showed a high sensitivity to the tمst conditions, while
i vertaseم was found to have higher stability over catalase.

Storage instability under the test conditions ras partially attri­
buted to cell autolysis which stArts on storing (ADY) at both high
temperature and relative humidity. The structure of both catalase
and invertase may play a role in the noticed diference in the stability
of both enzymes under the test conditions.
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