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Chapatis and nan are staple food items for borh the rich and.pgor in

e g e

West Pakistan. They a;swgzsgﬁrggmgromw;oax@ely eround wheat
is locally called "atta". Chapatis are gegerally.baked.in.toe.homs. They
are baked at moderate temperatures in a thialy Zlattened round chape on an
ungreased convex iron pan. The chapati somewhac resembles the Enzglish pan-
calke,. Th&kdoughﬂﬁg;rg&ggﬁ&iimiiwfgg Zermented; the flour used for making

them can be and usually is of rather coarse granulation. The cough Is

flattened both by means of the rcllinz-pin and with the nelp of the palms of
i s ki e e g ALY S R

the baker's hands. The thickness of the chapaci varies from ong-Sgurih. fo

e

ong-half inch depending gp the consumer’s preference.

ncn ae
Usuzlly, ZIresh, warm chapatis are comsumed but they can be szafely kept
in tight containers for at least 12 hr without any noticeable staling.
Nan is the usual commercial bread of Pakistan where it is baked mostly

et Wl o

in the so-cailed country restaurants., The baking technique is to “plaster
the flattened dough on the inside surface of a daep-dug earthen oven, called
a "taroor'. This oven is internally heated by burning firewood. TFor bzking
nan, fermented dough is used. Atta for nan therefore is made with finer
granuiation tuan that for the atta used for chapatis because the finer the
granuiation, the more rapid is the process of fermentation. The nan has
greater bulk than the chapati but has a round flattened shape like that of
the chapati. The ccmmon name for both chapatis and nan is "roti'. <Chanatis,
nan and raised leavened bread are all different tyses of roti. The last,
that Is the raised leavened bread of Emglish type, iz called "double rotil,

-

It has been estimated that out of a total 6.3 million lonz tons of whez:

produced in Pakistan (1) approximately 90% is milled into atta, and consumed



in the form of chavatis 2nd naen. Chcnaiis and nan constitute more than 70%
- &

P

cver 43 million people in West Pzkistan.

1

of the total daily food intake o
In extreme cases, chapati and nan may constitute as much as or more than 82%

of the total daily food intake of these peonle (2),

£
P

ts products are 18,974 thousand maunds

s

The annual losses of wheat an

{702,740.74 tons) duc o defective packing, handling and storage {3). Such
sl Ao e Lt v Peledving Lillls L es

wastage is notigced in advanced countvies-also, but Pakistan suffers from a
severe food shortage and cannot affcrd Lo waste even a-small usable portion.of

any. product. If the anaual wastage of rice and wheat were prevented nearly

11 million wore peosle could be fed for a year 2t the existing rates of

Py

consumpticn of cereals (4).

At presept, chapagis 2nd nan are produced, stored .and-.consumed. in. .2
L_presept,. cnapacgi P S

a result each household has ko.prepare.them twice.a.day, thegeby wasting

gty

millions of hours every day on wakimg bread.alope. Our government is very
anxious that an eariched roti with & good storage life should be developed
to save huge losses now srising through wastage of time in making bread daily
and human wmortzlicy through poor diet (5).

Asia, more than any other continent, is the land of huanger (6). Throughout

the Far Ezst people are ill nourished (7). Food consumption-in the -Rax East

inyolvegs a major portion of the wage-earper's income £o. obtain the entire diet

et LA B oo

which even then is incdequate for himself and hiis family. All the diecs

o S
-~ s e

contain very low levels of protective foods. 1In countries such as Pakistan,

ved. from.cergals conskitutes 73% of the total (8).

TR I Gt o Tt ST

No, otaer class of food of the normal. diet in Pakistan so gggaglz provides

o O — . I - s R p o
asfgtfzmgzigijgnger unit weight as roti. Ia additiecn, no other food stuif
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can even partially replace bread/roti as a major item in the foresceable

future,

There is a dire need to preserve chgpatis and nan because their stzling

k|

is a erjitical problem confronting both thg.defense forces and tne civilizans

in Pakistan. This considerable loss of chapatis and nan if vroperly prevented

o0
r

could help in improving the food economy of the country. Horeover, preserved

3

chapatis and nen could be supplied to pecple who, as often happens, become
surrounded in flood stricken areas,
The hardening of the crumb of & loaf within a2 few hours, commonly called

staling, is not simply due to loss of wmoisture. Because even 1f bread is

I

stored under conditions that preclude loss of moisture it still will become
stale . Staling 1s therefore & complex phencmenon that unfortunately
results in substantizl mounetery losses.

During gggiéggwgwo1£§§gggﬁwnakeM91;§¢»;gﬂthgﬂggxg;cal appezrance of

e TR o 3 B o L s e O S G

the product and second, the appearance of{mcld)

chapatis: first, I
growth on the surface of the vproduct. 1t is an everyday ébservation that when
chapatis or nan are exnosed to atmospheric conditions, they become dry soon
after baking due to moisture losses, Secondly, if the chapatis or nan are
wrapped or packed in a container, the moisture losses are arrested to some
extent but mold growih results in-deterisvakion and off flavors. 3Both

s e

changes nzke chapatis and nan unfit for human consumption. Much work. has.been

done on contrallimg-microbial spoilage-by adding either sodium.or .calcium

propionate in western co

Many softening agents have been found to be

successful in keeping ieavened bread soft (10,.11, 12).
There have been few attempts made on chapati preservacion, but as regards

to nezn no work has been reported,



The work carried out in the west is not very useful for the pecple of

.

- -

this sub-continent, because of great diflferences between the western bread
(Leavened bread) and our chapatis (unleavened bread),

The purpose of this present study was to evolve new methods and techniques

roving the shelf-life of chapatis and nan, Different levels of anti-

o P T S

B . s

microbial, antioxidant and softener were used for this purpose. The inter-

ot
national laws about food additives were kept in view while carrying out these

S et

experiments,

o



Milling of Wheat for Atta
M 3 R . 1 " oy e s o T el I
The raw material used for the preparation of chapatis and nan is called

"atta™. This term is extensively used in India and Pakistan to designete

o

cecarsely ground wheat although the process of milling varies considerably from

™

area toc area., Atta is one of the fow words common to multilinguel populations

o
o]
by

of India and Pakistan. There-is no standard proeedurg for the miliin
22 : o

wheat to form atta, A variety of methods are emn d.

from primitive sione.grindgss to the modexp steel collexr.

types of milling systems are mostly used, as described by Aziz and Bhatti (2):

“a, Iinually operated stone grinders called 'Y'chaki'.

!

; b, Animegl driven stone mills called "karas't,
7 ‘

v e, Water driven stone miils called "gharatg!,

¥ d. Engine-powered or electric motor-driven stone grinders.
e, Yodern steel vorler mill,

The attas produced by different processes vary considerably in color,

granulation and composition. An extensive survey of the characteristics of

S

atta was remorted by Aziz (13). On the basis of this survey the following

grade designatiouns and definitions of quality of atta were prescribed:



Types and Characteristics of Atte

Grade Type of Ash Content General
Designation Processing {Calculated Characteristics
on wmoisture
free basis)
Min., % Max. %
Special Washed, conditioned The atta shall be the
Agmark & roller milled 1.25 2.0 coarsely ground product
of scund well cleaned
wheat and shall be of
zood keeoing quality,

free from taint or
cbjectionable flavor.

Agmark Roller milled 1,25 2,0 The coarse part
of bran up to 3% of the
total produc
removed by s
no bran snal

Agmark Stone ground 1,75 2.5 The fibre content cal-

Chaki cuiated oz a moisture
frees basiz, shall ex-
ceed 1.5% but shall not
exceed 2,5%.

In villages and small towns atta is made by grinding wheat between.mill

stones. In this case the wheat is ground in ome operation. It yields a

L., A s

whole wheat atfa. from.which no.bran is removed.during.ox.afiter the grinding

process; the yield of atta is therefore 100%;: this is_the true whole-meal.

However, the consumers in their homes screen out.sese of the.lazge.particles
of bran through_hapd sigves before kneading the atta.fox domestis .baking. The

quantity of bran screened out may be ZHQ%MEE‘or more depending on personal taste

Yield of atta in a roller flour mill is about 95%, that is, 5% brazn is
separated as offal. But this varies from time to time depending on.the.avail-

abi ity of w%g@;mprodgggﬂw;g”thgwggpntry. In case of poor crop conditiczs an

et



consequent shortage of wheat stocks, it may be necessary to forezo guality

e 4

factors and mill atga of 977 .extractian. The above yield figures are for

"straight-run atta only. But if wmaida (fine flour) is also being packed
simultaneously, then the yield will be comoriscd of the weights of atta and
maida taken together. 1In the case of steel roller mills, the system of
milling to produce atta is a closcly guardad secxet. Prior to 1868, this
system of milling was controlled by the govermment and it was reguired that
the rate of extraction be 15% fines {(maida), 5% bran and 80% atta, Curzeptly.
there qrg_ggmiigits,gg@ﬁg&s@gﬁé&ghgg what they wapt and do not give any
information,

In order to investigate the optimum up to wiich the "fines" may be ex-
tracted during milling without materially affecting the acceptability and pal-
atability of the remaining stock, ten types of atta were experimentally milled
on a Wolf Experimental Mill and 0, 5, 8, 19) 151_20?7253 30, 3§wgné}40% fines
were taken out {13), In all cases 3% bran was sifted out. The attas were
experimentally baked into chapatis. t was found that the extraction of up

to 15% fines resulted in no apprecicble deteriovation of chapatis, but with

higher proportions, the chapatis became hgrsher and harsher with a.fendency

toward rapig drying. Higher extractions resulted in marked harshness of
qhapatis and these could not be considered as tolerable.and.acceptable.

A number of observations on the granulation of atta have been reported.
Lziz and Bhatti (2) reported that the percentage of atta passing through a
50-mesh sieve varies with the milling system and is from 93.7% from gharat
atta to ©2,7% in the case of atta prepared by the roller mill, As observed by

Sinha (14) the bhanuligipy of atta is such that it passes throunh a 40-mesh

sl e

sigue.



While working on the preservation of chapatis Yesim, sv 2l. {13} were
able to obtain an atte yield of 96%. They used a 2Z5-mesh sieve to cbtain the
atta used for their work, Murty and Zustin (1§} were able to obtain yields
of 87.1 to 95.5% atta., They used z hand-driven stone grinder and passad the

atta through a 36-mesh sieve to obitaia the final attaz yieid, Chaudhry (17)

-

used & 40-mesh wire screening to obtain atia of §0% and 95% extracticn., TFor
the production of atta of 95% extraction, 5% bran was removed, In the case of

80% extraction, in addition to 5% bran, 15% fines were also removed.

Wo ‘uniform aad sta ndard1zed method of preparaticn of chapatis in the home

L

exists and the technique varies in detail Irom place to place, even Irom person

to person. In general, the atta is made into dough of the desired consistancy

by the additicn of enough water. Chapati dough is much slacker than bread

dough. The water absorption of atta from Pakistani wheat warieties has been

reported to range from 70-76% (2}. In some cases 2 small amount of common salt,

4

sugar and/or fat may.also be added. Dough is prepared by hand kreading and is

left for an houxr for resting."?wo rea50u§;kre ziven Tor allowing this rest

el g ST

\

period for chapatis dough. Firstly, the rest peried permits maximum hydration

R

of the various constituents of atta such as starch, protein, etc., without
which optimﬁm development of dough needed to make good pliable chapatis cannoct
take place. Secondly, the rest period.stimwlates enzyme activiey, which tends
to break down the starch-protein complex into simpler aggregates. Dough sor-
tions of 180 g were used by Aziz and Bhatti (2); they used a specially designed

iron plate heated by electricity to cook chapatis.

o
Lo

Yasin, ct 2l. (15) used 320 g of sieved flour and kneaded it after zddia

a sufficient volume of water until a dough of moderately stiff consistency was
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obtained. One hour rest was given at room temperature (309C) sc that the
moisture absorption could become uniform. Dough was divided into four ecual
portions,

Sinha (14) reported that approximately 45 ml of water is required to make

a chapati dough from 50 g of atta. He suggested a rest period of 45 min for

D adnbniaman =L
all wheats except durum in which case the period should be increased to 60 min.
He used dough pieces of 47.5 g and made a chapati of 15 cm diameter, In a
study on Indian wheats, Murty and Austin (16) reported the water absorptioa to
be in the range of 60 to 74%. A rest period of 30 min was allowed. The
diameter of the finished chapati was kept to 15 cm,

1

whneac grown

Fh

Qureshi (18) reported that the water absorption capacity o
in the state of Washington varied from 60-74%. 1In his opinion the duration of
optimal rest period of dough is 2 specific varietal characteristic,

While working on chapatis, Imtiaz (19) used 223 ¢ of flour, 1/2 tsp

salt and 3/4.eup of water for the prepzration of dough. A rest period of
25 min was allowed in these studies. The dough was divided into 6 equal

portions and each portion was rolled into a chapati of 7.5 to 8 in dizmeter.

Baines, et al. (20) used a 25 g dough piece and flatﬁenedritwogpﬁggﬂ§§r

as possible without breaking-ox.tearing the g¢hapati. Rao, et al. (21) kept

the water addition for dough making at 625 to 650 ml per kilo of wheat flour.

The weight of each dough piece was 45 g and the diameter of the chapati was

kept between 6.5 to 7 in and cooked at 220-240°9C, and total time was Z.min

for baking and 1 min for puffing (which was also done on the hot plate).
Cheevdiizy {(17) suggested-zgfzgziﬁater to make a dough of proper consistency.

The dough was kneaded by hand, divided into dough balls weighing 50 g eczch

and each bzall was rolled into a chapati of 6 to 7 in diameter with the help
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of a rolling pin and was cooked on 2 hot plate, the temperature of wh oA was

kept at 290 to 300°C; the time was 2 min for cooking and puffing eact

ey
0
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P:Eﬁﬁﬁﬁi&é&EWOf Chapatis and Nan

Pakistani breads (chapatis and nan) have very poor shelf-life and as a
result each housechold has to bzke twice a day. Thereby, in the country millions
of hours are wasted everyday on making bread zlone. To overcome this problem
a Pakistani firm has placed an order with a designing institute of Tiblisi,
Capital of the Georgian Republic of USSR, for a mechanized bakery for producing
nan,

Pakistani nan is similar to Georgian bread in taste and teﬁhnology of
preparation (22}, he President of Pakistan recently urged the establishment
of such bakeries in the country so as to free the womenfolk from the drudgery
of preparing nan at home,

The staling of chapatis and nan is a critical problem confronting both
the defense forces and the civilians in Pakistan. An attempt was made by
Khan and Bhatti to solve the probilem (23). They observed that roties con-
taining .2% sorbic acid, 4% nonfat dry milk end 2% glyceryl monostearate
could be kept for three days at room temperature and for 30 cays at refrigera-
tion temperature without any noticeable changes in composition aznd orgznoleptic
qualities. Hussain and Satti (24) developed a prototype roti which remained
quite palatable for 72 hours at 35°cC. As expected by these workers GMS
(glycerol monostearate) was found to make the roti soft but on the other hand
it adversely affected the pliability of the roties. The effect of addition of
GMS on the physical dough characteristics was also studied. To counterzcc this

effect either met.wheat gluten or freeze=dried.wheat gluten was incorporated,
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Both forms of gluten increased the resistance of the dough on the Brabender
Extensograpi to a peak value of 1000 ma. Roties prepared with an increased
amount of gluten remained very soft and resiliant up to 72 hours. Sorbic acid
was not found to be a suitable mycostatic agent for use in rotis as it imparted
a bitter after taste,

Rao, et al. (21) reported that preserved chapatis packaged and heat-sealed
in paper-foil-polyethylene pouches kept satisfactorily and remained zacceptable
for six months underxr divegﬁg_t;qgigaluconﬁitians. During storage the fat
acidity increased siightly, the reducing sugars increased and nonreducing
sugars decreased. Free sorbic acid was found to be a better preservative than
its potassium salt. It was further reported that potassium sorbcte is recom-
mended as a preservative in food stuffs that contain a2 high percentage of
water. It was therefore substituted for sorbic acid in equivalent cuantity
(0.64% of flour weight) while the sodium chloride was kept at 2% of flour weight,
Chapatis prepared with only sorbic acid incorporated into the dough at 0.3%
level did not keep satisfactorily for mold growth occurred within a woznth in
some of them. That established that sodium chloride, which was originally

addgéﬁgglxﬁzgﬁimproygxthg taste was required for satisfactory preservation.

Shah and Bhatti (25) found that treatment of whole wheat flour by irradiation
checked the growth of molds and yeast during storage. Bacterial number re-
mained unaffected by the treatment.

Khan and Bhatti (23) reported that polyethylene bags and lacquered tin
cans kept the rotis in good condition for one day at room temperature and ten
days at refrigeration temperature, These authors recommended polyethylene
bags for packing tanoori rotis (chapatis baked in a mud oven) for two reasomns.

Firstly, polyethylene bags are cheaper in cost than lacquered tin cans and

secondly, polyethylene bags are available on_the local market.

.2 b



=
]

While workinz on the effect of preservatives on the keeping quality of
chapatis, Yasin, et al, (15) found that the incorporation of nonfat dry milk inm
combination with propionate or sorbate had a good effect on the quality of
stored chapatis. It also improved the loaf volume and texture. Moreover, Lthe
addition of milk solids also improved the flavor oif the chapatis, These
workers used .13%.Q£2pionate, which was found to be sufficient to check the

mold growth. The use of .15% sorbic acid was found to be egquzally effective as

a fungistatic agent and did not affect the organoleptic quality of the stored
chapatis. The use of oxalic acid did not give encouraging results and work
with it was discomtinued, As regards storage temperature, &n increase IZrom
room temperature to 37°C increased the rate of loss of moisture. Various
samples retained the desired quality charactors for 72 hours at 379C and 120
hours at room temperature. Loss of moisture adversely affected the softness
of chapatis, making them hard, dry and brittle, It was alsc observed that the
rate of loss of moisture corresponded to the rate of loss of freshness. The

loss of moisture was noted to be comparatively low in chapatis when glyceryl

monostearate and milk were added.

Quality Evalga;i?g and Nutritive Value of Chapatis and Nan

Chapatis and nan have always been subjectively evaluated in almost all
the studies reported. A series of nan supplemented with fish flour was eval-
uated for cqlor, flayor and texgure by Sharif and Bhatti (26): up to 10% level
fish flour could be consumed in the nan as far as-color and.-flgver-were con-
cerne@kkggvggr t%ﬁﬁ&?@,UPaggﬁﬂﬁ%pg;shwﬁlaprxwasmgcceptable. Four different
experimental nan were evaluated for their nutritional value. Nan enriched

with 10% fish flour were rated the best nutritionally. The protein content

was raised from 13,167 (MFB) in the control nan to 20.34% (MFB) in the nan
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enriched with 10% fish flour. It was observed by Bhatti and Riaz (27) that

2% leaf protein, 5-7% whole or skimmilk solids, 6% vegetable ghee, 6% corn oil,
3-5% fish flour, 2-06% guar flour, 2.5-5% defatted corn germ meal, either in
combirnation or alome, could satisfactorily be employed for enhancing the
nutritive value of roti. It was suggested by Ahmed (28) that the quality of
chapatis depends upon the type of wheat from which the atta is milled, eny
treatment given to atta after milling, the method of kneading the dough, and
the shaping of chagatis before cooking.

Sinha (14) reviewed a number of desirable characteristics of chapatis,
including color, texture, taste and flavor. Rzao, et al. (21) revorted that

preserved chapatis were found to be as acceptable to scoldiers as fresh chapatis.

Chapatis were described as "highly sweetish to taste'. The physical charzac-

21
b

teristics desired in & good chapati, such as white to creamy color, scft and

B - .
i el

silky touch, ease of chewing, swecetish taste, flexibility and resistance to

staling, were described by Aziz (13). Sinha (14) congidered the pﬁffing

i
ability of chapatis as a measure of quality. Chapatis were described as
"normal', “below normal', "better than'", "good" by Qureshi (18), Puffing
ability, appearance, texture and taste as quality criteria for chapatis were
used by Murty and Austin (16).

Qureshi (18) determining the suitability of white club wheat varieties grown
in the state of Washington for chapati making, concluded that the flour milled
from Burt variety resulted in best chapati. The varieties that yielded the
better chapatis also gave flours of higher water absorption.

Commonly in Pakistan the commercial mills remove some bran and fine flour
and the remainder is used as atta. Aziz (13) kept the bran removal constant

at 3% and removed from 0% to 40% of fines. It was observed that the excraction

of fines up to 15% did not lower the quality of chapatis noticeably but c:



higher levels, the chapati qualities were affected appreciably, the resultant

i I

Fiy

chapatis being considered unpalatable and unacceptable., Chapatis are a very

important item of food, as a sgurce of engrgy.and of wifamins, .minerals,-&nd

B

proteins. 1In an average diet chapatis have been reported to constitute more
than 70% of the total intzke of the people of Pakistan (29). In extreme cases,
chapatis may constitute as much as or more than 90% of the total food intake.
Imtiaz (19) reported that chapatis prepared from wholewheat pastry flour
with the addition of 157 medium-fat soybean flour and 10% dry milk gave the
best balanced diet., It WﬂéfﬁﬂﬁﬁffEffwﬁﬁfEﬁﬁhiﬁu@iﬁwHQMéﬁ hive-2 good sterage

life and that it could be introduced into Pskistan as a prepared chapati.gix.

Chaudhry (17) evaluated cooked chapatis for their color, flavor, texture
and overall acceptability. The results showed no significant differences be-

tween chapatis prepared from attas of 95% extraction and those prepared from

r

80% extraction for all wheat used, Significant differences were observed

when chapatis prepared from different wheats but from attas of the same extrac-
tion were compared, At both levels of extraction, the white whezts and the
Pakistani wheats used in those studies were judged to be superior to the red
wheats with regard to color, flavor and acceptability of chapatis.

Bnatti and Riaz (27) evaluated the cooked chapatis for color, texture,
taste, flavor and palatability by serving to a panel of traimed judges.

Yasin, et a2l., (13) used '"discarded", "semi-stiff", "stiff", "slightly stale",
"good acceptable smell", "very slightly stale", "moldy", "brittle", '"good",
"acceptable", "completely stale", "soft smooth pliable'" and "soft smooth" to
describe stored chapatis.

Parinar and Chathriji (30) found that the presence of gluten helpad in

gelatinization of starch during chapati making, but the presence of gelatin
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retardec staling. 1In starch-gel bread, starch chapatis and wheat-IZicur

chapatis, retro

(a9

gradation of starch was found to be maeximum at 2°C and de-
creased with increase in temperature.

Ali, et al. (31) found that wheat flour containing 2% shark meat Ilour
would satisfy the protein requirement of growing children and that wheat flour
containing zbout 3-3% shark meat flour would be suitable for nursing mothers

Adding commercial bacterial amylase to a dough formula unsupplemented
with sugar gave the largest leai volume response, accompanied by a marked
deterioration of crumb, grain, and texture at higher enzyme levels {above
20 SKB units per 100 g of flour), Cereal amylases improved lecaf volume and
baked quality to a significantly larger extent then did fungal amylaces.
Combinations of high levels of cereal amylases and lcw levels of bacterizl

enzyme gave best results., Cereal and fungal alpha-amylases were most effective

o

wher added to bread baked with 1-2% sugar. The effect was less pronounced in

sugar-rich formulae and decreased with increase of sugar in the dough (32).
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MATERIALS AND HZTIODS
Chapatis and nan, as usuaily made, cannct be stored long at
AN g e e W R T e e

ture withour.spoilagze. There are severg
of thesg products, such as keeping at low temperature, adding 4% or more of

sodium chloride, adding .2 to .3% sorbic acid. These either arffect accent-
3 O 4 b

ability or are not practical under present conditions in Pakistan. average

(@]

ambient temperature in Pakistan is ZQ-QEOC which is very condugive to spoilage
P N =
of chapatis and nan by mold_greowih, wnereas lower and higher temperatures are

not. Several methods of prolonging storage life were investigated in the pre-

sent study.

Selection of Suitable Wrapping Heterial

The wpractice of bread wrapping was originally introduced for the two-

Ha

fold purpcse of keeping the bread in a sanitary coandition and reducing moisture
loss to z minimum., Although wrapping bread does not retard staling, it does
have a favorable effect in so far as it prolomgs the shelf life by preserving
the aroma, flavor and softness of the product far beyond the period for un-
wrapped bread, Chapatis and nan were prepared in accordance with the conven-
tional method used in Pakistani homes by beking on a hot plate; for nan in place
of the tancor an electric oven was used. Prepared chapatis and nan were cooled
for & few minutes and wrapped, one each im five different wrappers, namely
polyethylepe bag, wax paper.wrap, foil wrap, saran wrap, and ordinary paper
WLap.

One lot was stored unwrapped for comparison. Ten replicates were rum,
The samples were stored at 8Q tg 90°F. They were wejghed daily and were.ob-

served. for other characteristics,
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Fresh chapati and nan.

Ingredients used in preparing chapatis and nan.
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The chapatis and nan wrapped in polyethylene &
moisture respectively in 5 days, unwrappcd samples lost 9-10% woisture in 6
Ak e

days, whereas chapatis and pan wrapped i
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in 7 days. The nan samples stored in saran wrap lost only ;gzgszEiSht in 7
days,

The chapatis stored in saran wrap and foil wrap lost no moisture up to
5 days storage., It was observed that warm wrapping at about 110-1150F gzave the
best keeping quality, but the odor and taste were afiected. When the products
were cooled before wrapping the keeping quality was poor but cdor and taste
remained good.

In view of the above observations and teking into comsideration the avail-
ability and price of these wrapping materials in Pakistan, it was decided to

use polyethylene bags and ordinary paper bags for conducting the storace

studies.

Microbiological Study at Various St

AT it s R

The microbiclogical study was divided inte two parts: firstly, determin-

ation of the apnroxlmate number of viable spores of bacteria,.yeast, anc znlds
pabel o

e i e e e e, DS

in raw materi, al (atta), dg%gg and prepared chapatis and nan before wrapping;

T P 8 o M AT

secondly, iéengigicatiogmgﬁﬂtzgiCQ%Mggigs. Ten grams of each sample was com-
minuted 2 min in 90 ml of sterile water in a blender. One ml of this well-
mixed sample was used for 1:10 dilution and plated on three different media,
suggested for growing bacteria, yeast and molds. Further dilutions were made

up to -.1010

and similarly plated. From one or more of these diluticns 1-ml
aliquots were removed and put into each of two sterile petri dishes containing

agar medium, and the dishes were swirled to distribute the sample evenly. The

dishes were kept at 37°C in case of bacteria, but for yeasts and molds plcied
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material was kent at voom tempercture. The counting was done after 43 hr for

e}

bacteria, and on the 3rd and 4th, 5th and 6th days for ycasts and wmcolds. The
counts of these organisms were recorded and caleculated on "pexr-p of original
i

sample' basis. Colonies of Asperpilius and Penicililium were transferred to

Czapek's agar and/or Blakeslee's mzlt agar for species identification, which
was made by use of descriptions given by Raper and Fennell (33) and Raper and

Thom (34).

Standardization of Processing Conditiocns
A TP = e

s
In packaging and storage studies, large quantities of chapatis and nan
had to be made in different lots. TFor the data from chemical znalysas to be
comparable during the storage studies it was important to minimize inhevent
variation in values'that might have been caused by variations in processing
conditions. Toward this end the following conditions were standardized. Only

one {ype of wheat, Gaines variety (white club wheat) was selected for use in

this study. The selection of this wheat was based on the fact that the szuple
had approximately 11% crude protein which is comparable to the protein content
of Pakistani wheats., Moreover, during the preliminary studies Gaines variety
was found to possess very desirable characteristics for making chapatis and
nan. The milling and the process for making chapatis were as developed by
Chauchry (17). The grain was ground into flour by one procedure, passing flour

through No. 32 wire mesh and removing 5% bran as offal. The water required and
. E kg o

i e WA

time of mizing for proper dough consistency were found by using farigegrapn

£

stagdaxd methed 54-21 in Cereal Laboratory Methods (35). The water reguired

1 e ———— g g o O s e, s,

~ < s ] 2 2 ] s T
was %EM§0 ﬁiﬁwgg“g;gggmyelghgﬂba§18, and mixing time was 5 mwin (Fig. 1). In

Ao

all samples of chapatis and man, 1,5% sodium chloride was added, 3In the cise

cf nan, 2% compressed bakers yeast was found to give satisfactory fermentation,
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Gaines variety wheat.
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The required rest pericd was found to be 60 min in the case of chapatis and 75-

90 min in the casc of nan. The weight of each para (dough piece) was kept at

50 for a chapati and 120 for nan and the diameter of the disc at 6.5 to 7
!

in

for the chapati and 6 to 6.5 in for man, which autowmatically fixed the

-~

7 - . 5 = . G
thickne o o cach disc, The temperature of the hot plate was 260 to 2907C; for
nan, oven temperacure was kept at 290 to 3009C. The oven was humidified by a

special device, providing a constant rate of evaporative flow of distilled

or baking anc puffing

Hy

water into the oven chamber. The total time was 2.5 min

the chapatis. The total time for baking nan was 5 min.

Cleani&ghoﬁ Wbeat

The Gaines variety wheat was fumigated and then cleaned on & Hart-Carter
Dockage Tester using the riddle, screens, fead rate and the air setting on the
aspirator recommended by the manufacturer for cleaning white wheats, The

cleaned wheat was placed in polyethylene bags until used.

Conditioning
The cleaned wheat was conditioned by the addition of water to raise the
moisture content to 15%. The amount of water needed for conditioning was

calculated according to the following formula (36):

Let W; = Initial weight of wheat (grams).
Wo = Final weight of wheat.
Ml = Initial moisture content of wheat expressed as percent.

M, = Final moisture content of wheat expressed as percent.
The amount of dry matter in the grazin remained constant so that:

100-M; - 100-1{2 (o) 100-M71
= ;o\ =
—I0C W) oo > (¥2) T00-1p



Therefore, the weight of the water to be added must egual Vig=Wq. The wiheat was
conditioned in batches of 3,000 g by placingz each one separately in an experi-

mental rotating tempering device and adding the calculated zmount of water in

the form of spray. Five min were allowed for mixing of water with grain.

Grinding and Sifting

The conditioned wheat was heid in polyethylene bags for 24-48 hr and then
ground in Ross Experimental Roller Mills. The wheat was ground in five steps
and the ground materizl was sifted through a series of sieves after each step
in order to separzte the fines and to pass the coarser fractions to the next
grinding step. The milling flow sheet is shown in Fig. 2. The rolls used in
the first four steps were corrugated and in the last step the middlings were
ground through smooth rolls., The type of rolls, corrugations, spiral, speed
of rolls and clearance between the rolls in each step are given in the flow
sheet diagram. AlL the rolls except the smooth pair were of "Getchell" type
and the grinding action was dull to dull., The sifting of the ground material
was carried out on a Smico laboratory sifter using 32W, 42W and 10XX sieves.
The overs of the 32W sieve were ground in the next step until the fourth step,
at which point they were removed as bran., The time of sifting was 2 min, ex-
cept in the fourth step where the time was from 30 to 45 sec, in orcder to ob-
tain approximately 5% as overs of 32W., The overs of 42 from the first
through the fourth were pooled and ground through the smooth rolls. After the

removal of bran, the remaining streams were pooled and blended in a laboratory

blender for 25 min. This yielded 95% extraction atta.

Preparation of .Chapatis and Non

Chapatis;
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The chapatis were prepared in batches for each of which 200 g atta {dry

]
N

e

basis) was used, The amount of water required to make a dough of proper con-

(4]
b=t

sistency was in the range of 60-65%. 1In 1 preparations 1.3% salt (based on
dry wt of atta) was added. Three levels of calcium provionate, viz; .1%, .2%

and .3% were usad. Butvlated hydroxy anisole (B,H.A.) was used as an enti-

oxidant at three different levels, viz, .01%, .015% and .0Z%. Shortening was

used as a softening agent at 1%, 2% and 3% levels. Bacteriél esipha-amylase

(%N

was used at levels of 1, 2 and 3 SK units/100 g of flour (dry basis), The
dough consisting of all the ingredients was mixed in a Hobart Mixer, Modgl
N-50 (Fig. 3%, for 4 to 5 min, at first speed for 1/2 min and then at the
second speed. Mixed dough was allowed to rest for 60 min at room temperature.
The dough temperature was kept between 78 and 80°F. The dough was divided

¢

into dough balls weighing 50 g each and each dough ball was rolled out into a

L
.

chapati of 6.5 to 7 In diameter with the help of a relling pin (Fiz. &

The diameter automatically determined the thickness of each chapati. The
chapatis were then cooked on a hot plate (Fig. 5), the temperature of which
was from 280 to 290°C. It took approximately 2.5 min to cook and puff each
chapati, After coolking, chapatis were allowed to cool for a few minutes, then
were packed into polyethylene bags and ordinary paper bﬁgs. This experiment
was run in triplicate with three replications.

The chapatis were stored in a high temperature storage room (80-90°F) for
further studies. The stored chapatis were weighed and obscrved for other

characteristics daily for seven days.

Nan:
The nan were prepared in batches, for which 500 g atta (dry basis) was

used. The amount of water required to make a dough of proper consistency was
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Hobart Mixer Model N-50,

3.

Fig.
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Fig. 4. Rolling equipment.



Fig. 5. Hot plate.



in the range of 00-65%. 1In each preparation 1.5% sodium chloride and 2%
compressed yeast (based on dry wt of atts) were added,

The ievels of calcium propionate, butylated hydroxyanicole (B.H.A.),
shortening and bacterial alpha-amylase, were the same as for chapatis. The

dough was mixed in a Hobart Mixer, Model N-50 for 5 min., Mixzed dough was

allowed to rest for 75-90 min, at room temperature. The dough temperature

)

was kept between 77 and 8G°F. The dough was divided into dough balls weighing

-

120 g each, and each dough ball was rolled into a nzn of 6-6.5 in diazmecter
with the help of a rolling pin, which automatically fixed the thickness of
each nan. The nan were then baked in an oven, the temperature of which ranged
between 290-360°C. Tt took approximately 5 min to bake each nan and brown
its top. After baking nans were allowed to cool for a few minutes, then
packed into polyethylene bags and ordinary paper bags. Each experiment was
run in triplicate with three replications.

The nan were stored in high temperature storage (80-90°F) for further

studies, These nzns were weighed and observed for general quality character-

istics daily for seven days.

Determipactian.of. Proximate.Compasition. i Afia,.Daugh, Prepared and Stogped
Chapatis and Nan

This study was designed to determine the effect of cooking and storaze on
the nutritive value of chapatis and nan. The samples of atta, dough, prepared
and stored chapatis and nan were analyzed for moisture, crude protein, ash znd
crude fat, zccording to methods 44-15, 56-1C, 08-10, and 30-20 respectively in
Cereal Laboratory Methods (35). Crude protein was calculated by multiplying

nitrogen by the factor 6.25, The fat acidity was determined by the ACAC

method (27).
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Chapatis and nan prepaved under different treatments and storsd Ior
period observed to be the best under particular storazge conditions were
evaluated for their color, texture, aromz, taste and over-all acceptance
(eating qualities) by a panel of judges comsisting of students from Pakisten
and Indiz who were familiar wich chapatis and nan. The judges were briefed
as to the method of scoring the different quality characteristics. The proucucts
were cvaluated according te a scalar scoring system in which each characteristic
was scorced over a scale ranging from 0 to 10 points, O representing the poorest
quality and 10 representing the best quality. The score sheet used for this

evaluation is reproduced on page 30,

Statistical Procedures
The data on the organoleptic evaluation of the stored chapatis and nan

were analyzed by analysis of variance as described by Fryer (38).
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SCORE SHEET TFOR QuGANOLEPTIC
EVALUATION OF CHAPZATIS/NAN
NAME DATE
Please examine the chapatis/non samples provided (den't disturb the crvder)
and score th for acceptability with respect to the gualities in question
using the Loll win 10 point scale
dighest possible score - 10 points
Lowest possible score - O points
SAMPLES
Quality in question A B C P £ )

1. Color

2. Aroma

3. Texture

4. Eating Properties

COMMENTS
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Preliminary Stucdies

Five different wrapping materials, namely, polyethvlene bags, waxn paper,
foil wrap, saran wrap and ordinary paper bags were tried with 2 non-wrapped
lot as control, Saran wrap, foil wrap and polycthylene bazgs best retained
moisture of chapatis and nan. Twe kinds of wrapsing material, polyetnylene
bags and ordinary paper bags were selected for further investigations, because
they are available in Pakistan and their cost is low.

Ninety-five per cent whole wheat (957 extraction) atta produced better
quality chepatis than 85% extraction atta, whereas 85% extraction atta pro-
duced better quality nan than 957 extraction. Finer atta produced better nan
than coarser atta, but 95% extraction and 32 W mesh sieve were used to make
atta because this is the combination used most commonly in Pakistan.

Shortening at 3% of the formula contributed to chapatis and nan nutritional
gualities and lubricated the dough during handling, resting and fermentation.
When compressed bakers yeast was used less than 1.5% (based on Weight'of atta
to dough) gave nan a firm touch, higher levels {over 2%) deteriorated gqualit
of nan produced, Probably excessive yeast depleted available sugar in the
dough, which resulted in nan of rough texture and poor flavor quality. 1In
these investigations 1.5 to 2% compressed bakers yeast (based on flour weight
in dough) produced highest quality nan.

Adding water to the dough at 69% of the weight of the atta produced the
best Textured chapatis and nan. The high moisture percentage resulted in a
soft texture that was retained longer than when lower percentages of water
were used in the dough. Moilsture content of chapatis and nan vitally afiected

their shelf-iife. It is highly important to the quality of chapatis and nan to

have the proper ratio of atta and water in the dough.



Preliminary studies indicated that salt serves 2s a multipurpose ingredieat
in preparing dough for chapatis and man., Lt helps to re
nan dough, controls absorption, imparts. £lavor and acts as & gluten strengthen-

ing agent. Different levels of salt used in vreliminary experiments indicated

B et

i

i
-

that 2% and 2,25% (based on weight of atta in dough) gave better moisture re-

tention in chanatis and nan than lower levels, Less salt gave pdor moistur
retention and affected adversely the texture of chapatis and nan. However

1.5% salt is adequate to produce good quality chapatis and nan.

Spoilage of chapatis and nan results from mold growth., Bacterial spollage

oyt

would notf. preeede.meld.growth. Spoilage due to molds and fungzi is readily
visible. Nevertheless, plate counts for mold, bacteria and yeast were recorded
and typical molds were identified. Resulis of plate counts are given in Table 1

and pictures of identified molds are shown in Fig. 7.

Effect of Packaging on Moisture.leontent

Loss of moisture from chapatis and nan made them hard, drxy and brittle.
Losses of moisture and of freshness were parallel. Packaged in polyethylene
bags, chapatis and nan lost essentially no weight up to 5 or & days. When
stered in ordinary paper bags both chapatis and nan became hard with brittle
edges by the 2nd or 3rd day, After 3 or 4 days they were completely brittle
regardless of formulation used,

Moisture losses were rapid from ordinary paper bags; however little
moisture was lost by either chapatis or nan made with formulations containing
high levels of bacterial alpha-amylase and shortening and packaged in poly-
ethylene bags up to 7 days (Tables 2 and 4). Polyethylene bags were therefore

judged best to package and to preserve chapatis and nan.



TABLE 1. DPILATE COUNTS OF INDICATED ORGANISHMS PER C CF MATERIAL USKED,
Material Bacteria Yeast ¥olds
Atta 23,000,000 1,000,000 935
Dough of Chapati 20,000,000 115 650
Dough of Han 15,000,000 10,550,000 30
Prepared Chapati 160 435 20
Prepared Nan 30 700 --

Ordinary paper bags did not give enough protection from moisture loss
(Tables 3 and 5) and were considered poor packaging to preserve chapatis and
nan, unless the paper could be treated so it would retzin noisture better,

Regardless of packaging material tested, flavor of chapatis and nan

deteriorated markedly after one week,

Effect of Additives on Shelf Life of Cheapatis and Nan

Chapatis and nan prepared with .2 or .3% calcium propionate incorporated
into the dough kept very well because no mold growth occurred up to & or 7 days
storage; however .17 calcium propionate in the formula did not satisfactorily
prevent mold growth after & to 5 days (Figs. 8, 9, 10, and 11).

Adding .01% or .015% butylated hydroxy anisole (B.H.A.) also distinctly
improved the keeping quality without affecting flavor of either chapatis or
nan, Adding sodium chloride im the formulation increzsed the efficiency of
calcium propionate as an antimicrobial agent. 1In addition to its synergistic
action sodium chloride may have contributed to preservation by its anti-

microbial action. 1If so, calcium propionate could be reduced by increasinag

the sodium chloride content to its acceptability limit.



Aspergillus niger Rhizopus Sp.

Aspergillus Sp. Aspergillus flavus

Fig. 7
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Penicillium sp. Penicillium lilacium

Penicillium sp. Aspergillus fumigatus

Fig. 7 (Cont)
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Fig. 8. Chapatis, 4-.17% Calcium propionate + .01% BHA,
36-.2% Calcium propionate + .01% BHA,
71-.3% Calcium propionate + .017 BHA,
(After 7 days storage).

Fig. 9. Chapatis. 5-.1% Calcium propionate + .017 BHA,
12-.2% Calcium propionate + .015% BHA,
22-.1% Calcium propionate + .02% BHA.
(After 7 days storage).
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Fig. 10. Chapatis. 36-.2% Calcium propionate + .01% BHA.
37-.2% Calcium propionate + .015% BHA.
45-,2% Calcium propionate + .02% BHA.
(After 7 days storage).

Fig. 11. Chapatis. 61-.3% Calcium propionate + .01% BHA.
71-.3% Calcium propionate + .015% BHA.
81-.3% Calcium propionate + ,02% BHA.
(After 7 days storage).



pionate solution delayed microbial attack slightly.

No pexceptible improvement in the keeping quality of chapatis and nan was
obtained by using shortening levels up to 3% in the dough, but that amount of

t

shortening improved overall chapatl and nan quality. Three per cent shortening

T

appears to be optimum in the dough formuiz for both chapatis and nen.

(=]

— . 1

jacterial alpha-amylase improved considerably the puifing ¢uality of both

o

¢}

hapatis and nean. Particularly in nen production 2 or 2 SX units ner 100 g of

I=h

tta

o

n the dough preparation, regardless of other ingredients, resulted iz
remarkable puffing cuality, a&s shown in Figs. 12 and 13. The enzyme effectively
improved dough handling after the dough rest paricd so markedly improved
the textuve of chapatis. Bacterial alpha-amylase added a2t 2 or 3 3K units per

100 g attz in the dough, considerably improved keeping quality c¢f chapatis and

nan as judged by softuess of the products,
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Fig. 12. Chapatis. A. Control
B. 1 SK umnit
C. 2 SK units
D. 3 SK units bacterial alpha-

amylase/100 g atta in dough.

Fig. 13. Nan.

- A, Control
B. 1 SK umit
C. 2 SK units
D, 3 SK units bacterial alpha-

amylase/100 g atta in dough.
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ABLE 2. VEL

LGHT OF

5 T 7 3 5 5 7

1
capP ,1 L. 5 44,5 &5 44,5 LL, 5 LL L5 42..5 44
BHA .01 L, Ly Lé v4 &4 L. 43.5 L3S
Shz 1 45 45 .5 £5 &5 45 £4,5 L4 .5
BA 1

Z
Ca? .1 43,5 &L &L &4 44 & £2.5 £3.5
BEA .01 L& b L &4 44 Lo 4L &
Shg 1 L3 &3 43 &3 &3 L3 45 42,5
BA 2

3

2 . 42,5 42.5 42.5 42,5 £2.5 L2, 5 5.5 42.5

BHA L 01 43 43 432 43 43 &3 &3 42,5
hg 1 45 L5 45 45 45 45 ity D 44,5
BA 3

A
CaP .1 44,5 &L, 5 44,5 44,5 44,5 £4.5 54,5 24,8
BEA .01 43.5 43,5 43.5 £3.5 43,5 43,5 43,5 &3
Shg 2 44 L4 4d, FRA &4 L4 £3.5 43,5
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TABLE 2 cont
Treatment Days of Storage
0 L 2 3 [ 5 & 7
3
Ca?P .1 43, 43,5 43.5 £3.5 43.5 43,5 &3 &3
BHA .01 Gy %3 bty &4 44 L bl 43.5
Shg 3 43 43 43 43 43 43 43 43
BA 2
9
£p L1 41, 41.5 41.5 42 41.5 41.5 41.5 41.5
BrA .01 42 42 42 432 b2 41.5 £:.5 41.5
Shg 3 &4 44 L4 4E.5 44, Lty 44 43,5
BA 3
10
CaP .1 46, 45,5 46.5 46.5 46.5 46,5 £6.5 45
BEA .015 &5 45 45 45 45 45 45 £.5
Shg 1 44 44,5 44,5 £t 5 £L.5 4.5 &4 44
BA 1
11
CaP .1 &y, bt .5 4,5 L. 5 4.5 L4, 5 44,5 44,5
BHA .015 43 43 43 43 43 43 &3 £2.5
Shg 1
B4 2
12
CaP .1 47. &7.5 47,5 47.5 47.5 47.5 7.5 7.5
BRA 0I5 46 46 Ls 46 46 46 4G 45,5
Shg 1 43, 43.5 43.5 A5 43,5 43,5 43.5 43
BA 3
13
a? .1 46, 46,5 46,5 46,5 £6.5 46,5 46.5 £5.5
BEA 015 45 &5 &5 &5 45 £5 45 44,5
Shg 2 43 43 43 43 43 &3 43 43
BA 1
14
CaP .1 46, £6.5 47 £6.5 46.5 46.5 45,5 48,5
ZHA 015 44 44 44 44 44 44 43,5 43.5
hg 2
BA 2
15
CaP .t &dy, 44,5 £4.,5 44,5 46,5 &5 44,5 4,5
BHA .015 43 43 45 &3 43 &3 43 43
Shg 2 45 45 45 £5 45 45 435 44,5




TABLE 2 cont,

Treatwent Days of Storase
1 3 4 5 5

16
Ca? .1 43.5 43.5 43, 43.5 £3.5 43,5 43,5 43.5
BHA .015 44 44 44, 4ty Lid: xa &4 43.5
Shg 3 &6 46 46 46 46 4o e 45.5
BA 1

1.7
CaP .1 42,5 42.5 42. 42.5 42,5 42.5 £2.5 42.5
BHA .015 43 3 43 43 £3 43.5 &3 43
Shg 3 &5 45 45 &5 45 &5 45,5 46,5
BA 2

18
CaP .1 40.5 40,5 &0, 40,5 41 40.5 40.5 490
BHA .015 42 2 42 42 42 42 42 41.5
Shg 3 L4 4ty 4 & L4 L4 L4 43.5
BA 3

19
CaP .1 43.5 43.5 43, 43.5 43.5 £3.5 L4 &t
BHA .02 L4 A b b 4, &4 4b £3.5
Shg 1 43 +3 43 3 43 :3 43 42,5
BA 1

20
CaP .1 4.5 44,5 4, 44,5 45 44.5 44,5 bl
BHA .0Z 42 42 42 42 42 42 42 41.5
Shg 1 45 45 45 &5 45 &5 45 4
BA 2

21
CaP .1 44,5 44.5 45 44,5 44,5 6b. 5 44,5 44,5
BHA .02 43.5 43.5 43. 43,5 43.5 43.5 43 43
Shg 1 47 47 47 47 47 47 46,5 46.5
BA 3

22
CaP .1 42,5 42,5 42, 42,5 42.5 42.5 42.5 £2.5
BHA .02 43 43 43 43 43 43 L3 43
Shg 2 46 4o 46 ) 46 46 46 45,5
EA 1

Z3
ger 3 1 43.5 3 3 43, £3.5 43.5 43.5 43.5 43,5
324 .Gz 44 44 b 44 44 &t &4 43.3
Sng 2 45 &5 45 45 45 45 &5 G4
Ba 2




TABLE 2 cont,

Lo,

Treatment nys o0& Storage
o 2 & >

24
CaP .1 43,5 43.5 43,5 £3.5 43,5 83,5 43,5 3.5
BHA ,02 45 46 &6 46 L6 45 L5 45
Shg 2 42 42 52 42 42 42 42 4il..5
BA 3

25
CaP .1 41,5 41.5 £3.5 43,5 415 41,5 42 41.3
BHA .02 £3 43 43 45 43 43 43 &72.5
Shg 3 &7 47 &7 47 L7 &7 46.5 46.5
BA 1

26
CaP .1 43.5 43,5 43,5 43,5 43,5 43,5 43,5 53,5
BEA .02 42 4 42 42 L2 L2 &2 1.5
Shg 3 45 45 45 45 45 45 &3 L4, 5
BA

27
CcaP .1 43.5 43.5 43,5 43.5 &3.5 43.5 4£3.5 43
BHA .02 46 46 46 46 46 46 46 45,5
Shg 3
B4 3

28
CaP .2 44,5 46,5 44,5 44,5 L4, 5 4645 £4.,5 4t
BEA .01 43 43 43 43 43 43 43 42.5
Shg 1 41.5 41.5 41.5 1.5 £1,5 41,5 &1 41
BA 1

29
Ca? .2 42,5 42.5 42,5 42.5 42.5 42 L2 42
BHEA .01 &b 44 Ly 4y &4 4ty &4 4
Shg 1 43 43 43 43 43 4 43 43
A 2

30
caP .2 L7.5 47.5 &7.5 47.5 47.5 47.5 47 47
BHA .01 41.5 41.5 41,5 41.5 41.5 41,5 &1.5 3.5
Shz 1 45 45 45 45 45 &5 &5 44.5

A3

31
Cap 2 L7.5 47.5 £7.5 4£7.5 £7.5 47.5 £7.5 L7
3HA .01 45 45 45 &5 L3 45 45 45
Shg 2 43.5 43.5 43,5 43.5 43,5 43,5 43,5 43

I
=




TABLE 2 cont

Treatment Davs of Storage
0 1 3 4 5

32
ca? .2 45, 45,5 43, 4545 %5.5 45,5 45,5 45
BrA .01 & 42 4.2 42 &2 Lz L2 41,5
Shg 2 L2, &L L4y &l L4 L& L4 L4
BA 2

33
CeP .2 45, 45.5 5 5.5 45,5 45,5 45 45
BHEA .01 L6 L6 46 445 46 44 46 £5.5
Shg 2 43 43 43 3 43 43 43 42,5
BA 3

34
CaP 2 &b, 44,5 bl LL L5 LL,5 4,5 L4..5 44,5
BHA L0 Lh G 44 &, &4, L4 4L, 43,5
Sheg 3 L2 &2 42 42 L2 42 42 42
BA 1

35
CaP .2 &l &b, 5 G, L6, 5 44,5 4,5 44,5 44,5
BHEA .01 43 &3 43 43 43 43 3 138
Shg 3 L4 L4 4L, 44y &b &L 44 £3,5
BA 2

36
Ca? .2 45, 45,5 45, 45,5 45,5 45.5 B85 44,5
BHA .01 46 &6 4G 46 46 46 44 46
Shg 3 41, 41,5 &1, 41.5 41,5 41.5 41.5 41
BA 3

37
Ce? .2 %5, 43,5 45. 45,5 45.5 45,5 45.3 45
BEA .015 42 42 42 L2 42 42 42 5
Shg 1 45 46 46 46 46 46 45.5 &5.5
BA 1

33
CaP .2 50, 50.5 50. 50.5 50.5 50.5 50.5 50
HA .015 45 45 45 45 45 45 45 45
She 1 43 43 43 43 43 43 43 £2.5
Ba 2

39
Ca?2 .2 50, 50.5 5G. 50.5 30.5 50.5 56.5 50
BlA L0115 &7 &7 47 47 47 47 £56.5 L&, 5
Shg 1 42 42 42 42 42 42 L2 £1.5
B4 3




TABLE 2 cont.

Y md i i
LZegdLtientc

A
o hiorage

0 L Z 3 4 5 G

40
CaP .2 £5.5 45.5 &5,5 45,5 45,5 45,5 &5 L5
BHEA L 015 46 45 &6 46 46 46 4.6 45,5
Shg 2 43 43 43 43 &3 43 43 45
BA 1

41
Ca?P .2 51..5 Hd.D 51.5 515 51.5 51.5 51.5 51.5
BiA .015 &7 &7 47 &7 &7 &7 L7 46.5
Shg 2 41.5 4£1.5 41,5 41,5 41.5 41.5 41.5 415
BA 2

42
CaP .2 50 50 50 50 50 49,5 LE.5 £9..5
BHA L015 46 46 LB 46 46 45 45 45.5
Shg 2 42 42 42 &2 42 42 42 42
B4 3

43
Cap .2 4b, 5 44,5 44,5 &4, 5 44,5 L 5 &uds 44
BEA ,G15 L5 45 l55) 45 45 45 44,5 L4.5
Shg 3 42 42 L2 42 &7 42 42 £1.3
BA 1

&4

44
43
41.5

&y
43
£1.5

RENEN
b L3 P~

44,
43
41.5

L,
43

41.5

Lol Sl b
Ry B

.
an

Lt i

45

CaP .2
BHA L0115
Shg 3

EA 3

L85
&6
43

44,5
46
43

4.5
46
43

44,5
46
43

4.5

Lg

43

44
46
43

46

AP w2 43.5 £3.5 £3.5 43.5 43.5 43.5 43,5 &3

BHA .0Z 42 42 42 42 42 42 42 41.5

Shg 1 47 47 47 47 47 46,5 i7 46.5

BA 1

47

CaP .2 43.5 43.5 43.5 43,5 43.5 43.5 43.5 43.3

By ,02 &1 &1 41 41 41 41 41 £0.5
43

o)
o
(U

td 2
S
M

43,5

43.5

43,




Treatwent Doys of Storzge

d i 2 3 4 e 5]
CaP .2 44 ady Lb &L, Ly G &4 LA
BEA .02 43 &3 43 43 43 &3 L3
Shg 1 42,5 42,5 42,5 12,5 42,5 &2.5 42,5 22
T : 3
GaR 2 3.5 45..5 43.5 43,5 43,5 £3.5 43,5 855
BHA .02 44 4Lty A48 o4 44y &L &L 43 ;5
Shg 2 42 42 L2 42 42 42 42 47
BA 1
CaP .2 LEL5 La L5 £4.5 L4, 5 &b, 5 L5 &4 .5 44,5
BHA .O G415 L35 b5 GL.5 41.35 Lded 41,5 Gia5
She 2 &3 43 &3 L3 43 43 43 4245
BA 2
Ca? .2 &4 &by L4 &4 24 L4 L 4L
BHA .02 &3 43 43 43 &3 - L3 42.5 42,5
Shg 2 42 42 42 42 42 42 £2 42
BA 3
Ca? .2 L4, 5 44,5 44,5 44..5 44,5 L4.5 4.5 L
BEA .02 43 &3 43 43 43 43 43 42,5
Shg 3 44 L4 44 44y 44 an 1 L

2? .2 b, 2 44 L4, L4y 4L, 4, 4y
EZA .02 45 45 45 L5 45 45 45 L4,
Shg 3 41.5 41,5 41,5  41.5 £1.5 41,5 1.5 L1
BA 2

CaPp .2 43,5 43,5 43.5 43.5 £3.5 43.5 43.5 &3
IHa 02 4o 46 46 45 46 46 44 &5,
Shg 3 43 43 43 &3 43 43 43 42,
BA 3

[ W]

cam .2 43.5 £3.5 43.5 43.5 £3.5 43.5 43.5 &3,
34 .01 42 42 Ay 42 42 42 L2 L1,
Shg 1 41,5 £1.5 41,5 41.5 41.5 41.5 £1.5 41

97 2Y

t

w

i



U 2 3 4 & 7

56
Car .3 b La b & Ly &4, L &35
BHA .01 53 43 43 43 43 43 e 425
Shg 1 45 45 45 45 45 L5 45 44
BA 2

57
CaP .3 £3,5 43,5 43,5 £3.5 £3.5 3:5 135 235
BHA .01 4H2 42 42 47 Lz 43 42 41,5
Shg 1 45 45 46 46 46 45 44 45.5
BA 3

58
CaP .3 43 43 &3 43 43 43 43 33
BHA .01 41,5 4.5 41.5 L1.5 41.3 41.5 £1.5 41
Shg 2 L2 &2 42 42 42 42 42 42
BA 1

59
CaP .3 &l Ll Ly Ly &4 44 L4 4£3.3
BHA .01 23 43 43 &3 43 &3 52,5 L2.5
Shg 2 45 &5 45 L5 45 &5 44,5 44,5
BA 2

60
CzP .3 £3.5 £3,5 43,5 £3,5 43,5 43.5 £3.5 &3
BHEA L 01 L4 L4 44 Lt 4dy 44 43.5 &3
Shg Z 46 46 46 456 46 46 45.5 45.5
Ba 3

61
Ce? .3 4&, L4 4L &d, Ll 4e 44 L&y
BEA .01 43 &3 43 45 43 L3 43 42.5
Shg 3 L5 46 46 &5 46 46 L6 46
3a 1

62
Ca® .3 £3.5 3.5 3.5 £3.5 43,5 43,5 43,5 43
3i1A .01 &2..5 42,5 42.5 42,5 42,5 42.5 42,5 42
She 3 &b 45 46 L6 46 46 46 45.5
BA 2

63
CaP .3 43 3 53 &3 &3 43 42,5 £2,5
BoA .04 41,5 41,5 £1.5 41,5 41,5 41.5 L1.4 L
She 3 42 42 52 L2 L2 42 7] L2




TABLE 2 cont

Treatment Dzys o Storage
H 3 4 o 7

64
CaZ .3 L3 43 43 45 43 45 42.5 42,5
BHA .01 45 45 L5 &5 45 45 &4.5 4t
Shg 3 42 47 &2 42 42 &l.5 £1.5
BA 1

65
Car .3 43 43 3 43 &3 42,5 £2..5 &2
BHA .015 472 42 42 &2 42 47 42 61,5
Shg 1 A L4 & L4 4 44, & £3.5
BA 2

66
ca? .3 43, £3,5 43 £33 43.:5 43,5 43,5 43
EHA .015 42 42 42 (2 42 42 L2 £1.5
Shz 1 43 43 43 43 43 43 43 L3
BA 3

67
Ca? .3 42 L7 4.2 £2 42 4.2 £31.5 41
BHA L0155 41. &1.5 41, 41, 41.5 41.5 £i.5 41
Shz 2 L b4ty 13 &4 G4 4d L4 4345
E4A 1

68
Ca? .3 L4 &ép &b, L4 &b 43,3 £3,5 43
ZEA .OLS 3 43 43 43 43 43 43 42,5
Shz 2 41, £1.5 &1, 1, 41.5 41.5 &1.5 41
BA 2

69
CaP .3 4t 44 44 4 43.5 £3.5 43.5 £5.5
RTA 015 £3, 43,5 43, &3, 43.5 £3.5 £3 43
Shz 2 L6 46 46 45 46 46 £s 45,5
52 3

70
Ca? .3 43, 43.5 &3. i3, 43,5 43.5 43,5 £3
BHA L0155 42 42 42 42 42 L2 &2 1.5
Shg 3 &7 47 47 47 47 47 47 6,5
A 1

71
gz? .3 44 44 44 44 4Lty &b &l £3.5
5HAs LG15 £3 3 3 43 43 3 43 43,5
She 3 41. 41.5 41, 41, 41.5 41.5 41,5 &
BA 2




T
Lo,

nT W

B L COoLlL.

72

=1

=~
L2
.
Ln

I~
N Lo
.

25 T
R T R

I~

I~
-+

Lnon

73

ke Ty N
I W

Y
I~ Lo

e

I~ =

I~ Ry W

I~

-
4z,
7,
Ll
L7
Tt .

74

£

v s
L

43

L1,

D~

[ OS I

Bl o

= LS~
.

L

Ld
42.
43

FE

75

43.
42,

45

e
&

L
Ln

=
wt po o
W
Ui po A
L

o~
AN N

4
oo L)
u

bl o
oW

76

O W

I~ A
B3 Ly I~

&L

43
42

i

43,

42
45

(W3]
.

43
472

-

b,

78

=

D
bty
47

43
4by
&7

-

53
43

-~

&7

-~

41,

&7

I
-

(gl
tn

N e LD

I~
w

43
41

-

S0,

LnoLn

oL oun

i

o

.

ny



oo N
bDie £ Conu.,

TA

PR

o
i
L3
!
QU
pa

o~

P
e

Eal

a0

<t

bt

<

-k

i

-

8]

03

Lo

.02

e
[

=

44,5

1Y
~r

Ly
-

~f

'n]

45

[aa1

&0

fa

o

uy
oY

e
-

L
(o]

@
~F

R

o
~J

(4]
o

42

.02

DHA

uy
Yy

2>

(o]




Wy wy LY My
™~ . - . . .
N AR IRTaN Yy < W Lo N T uy ouy 2k )~ LR ]
GY Y @) ¢y oYy oy <Y Y ) ™ Mo 1Y M Y M M (SR EESR IS
by Ny
(] - -
S I 1y O V3O P [ T I PRl T [ BN BN ™~ wy <
oY Y e ™Y €T M i N4 v | YN M) N MM MY Y
Ta] "y LA
o G s N
O G e o O P I~ 0 P~ €0 i~ o ™~ I~ M~ ™~ o) D N
oy Oy ¢y M (A IS IR 18 Y MM @1 M Moo M e
£ A
gl .
5 SO e ¢ W G @~ O Oy ™~ O3 D WO 0~ G D ™~
5 A o IF &) ¢ ™ ™ ™M M o~ e ~F e o, o M
1
A
L
<
My Ly Ly
GRS B H
. oy 6D N wd e Gh ) O SR o & R Il ] QN S
o M ¢y ~F st (12 S IR O~ g~ ~F o m ~5 Moo
Fia)
g}
ol i :
I o o g Qo ) el ) B o W en oY el O i ]
R IR I ~F T RS ERN ~ NS ~i ol T o~ o
<
-4
-1 2] w3
7] a 5 A D <F et e T oy - i
e e w3 o ~ ¢ < v ) ord e
5 o o~ B S RN <N ~F b S LS N ST
—
bt
Evd
o
P L Ly
wrt 2 >
5 _,”m o S A o~ ~F e o .r...g_. ooy wy €N e ~Foo [t
= =2 gL R NN <Pt~ F <F N N
-
X
"
24 - 14
e _U. - " v T v (2
3 ] - O ™ O O i (D -~ O
. 0 . e " PR > o . DR A | D A | )
o o — ) (e8] i (]
bS] foef BD P =4 0D R ) B4 -} 00 R ) Pa «d &0
r by R =g P = [ o o3 .0 < o 3ot o wf il e
| i SRR Qin oA W M QW M Qg G oMo
2
P — ol =l I uy (=] ~




(W]

]

Treatment 5 nrage
0 1 Z 3 4 5 7

3
car .1 535 £3.5 G418 3855 3D 35,5 34 34.5
BHA .01 44 &2 1 L{) 38 A8 %l 355
Shg 3 43 43 42 39 38 37 36 34
BA 2

9
Ca? .1 £5 &5 &3 L2 41 L0 29 36
BHA .01 42 &1 40 39 38 37 35 34
Stg 3 43 L3 42 40 3a %8 37 33
BA 3

10
CaP .1 4d, 43 42 42 40 37 26 34,5
BHA ,015 41.5 &1 40 3% 38 38 35 33
Shg 1 42 4 40 39 37:5 36 35 34
Ba 1

11
Ca? .1 45 45 44,5 39 37.5 37 27 53545
BEA .015 43 42 47 41 LG 38 37 35
Shg 1 ¥4 &3 42 L0 40 39 38 36
DA 2

12
CaP .1 44, 43 3G 38 37.5 37 36 35
BHA .015 42 L2 &0 &0 3 36 35 335
Shg 1 41.5 41,5 40 39 37 36.5 34 325
BA 2

i3
CaP .1 45 44 39 38 3F .5 36.5 35 35
BHA .015 42 41 40 38 37 36 35 34,5
Shzg 2 45 45 40 39 37 358. 5 35 35
Ba 1

14
Caz .1 4e, 43 42.5 £1.5 39 39 38 36
BiA L 015 45 ra 43 &2 40 38 37 a5
Shz 2 42 42 40 39 37 37 35 54
BA 2

15
cap .1 b, 43 41 40,5 39 39 38 35
BHA .015 43 43 42 40 39 38 37 34,5
Shg 2 4£1.5 41 40 39 38 37 36 32.5




TABLE 3 conk.

Treatment Bavs oi Storape
Q 2 3 b ] 7
16
aP .1 45 4d &3 42 42 405 39 36.5
BHA .015 43 42 41 G 35 37 26 54
Shg 3 &d 43 42 L1 40 39 zZ8 3345
BA 1
17
ap .1 L 43 42 &1 41 39 38 3&
3HA L0135 42 Ll &0 3¢ 38 37 37 35
Shg 3 45 4t 42 &0 38 35 35 35.5
BA 2
13
CaP .1 43 42, 42 41,5 &1 &0 38 36
BHA L015 &L &4 42 4 39 37 36,5 36.5
Shg 3 43 42 41 &0 39 33 38 35.5
BA 3
19
CaP .1 44 &L 43 &2 41 39 38 37
BHA ,02 43 &2 41 40 39 38 37 36
Shg 1 &2 42 40 39 38 38 36 34
Ba 1
20
CaP .1 45 45 41 40 £0 39.5 37 36
BREA .02 &4y Lb 42 40 &0 39 38 36.5
Shz 1 &3 43 41 41 39 38 37 35
Ai-L 2
21
CaP? .1 44 &b 43 43 40 39 36 36
BEA ,02 &3 43 L1 £0 38 37 36 3&
Shz 1 bl L 43 41 39 38 37 35
BA 3
22
Ca? .1 bl 42 41,5 38 35 37 356.5 35
BHA .02 &5 45 43 &1 40 39 38 37
Shg 2 42 42 &0 3 37 37 36 35
BA 1
23
CaP .1 45 45 &5 Lty 3.5 39 38 37
514 .02 44 43 &2 &0 38 37 37 35
Shg 2 43 42 41 40 39 38 36 35
BA 2




TABLE 3 cont,

Treatment

5 Fosl -
ays 0L Storage

i

4 6

24
CaP .1 &7 46 45 &y 39.5 39 35 37
BHA .02 4o L6 L L3 41 £0 27 286,
Shg 2
BA 3

25
caP .1 43 43 L2, L3 38.5 38 37 385,
BHA .02 44 44 43 L2 &1 40 39 28
Shg 3 42 42 41 40 &0 33 36 36
BA 1

26
Ca? .1 45 43 41 40. 38 38 37 7
BHA .02 43 43 41 40 38 37 36 35
Shg 3 b4 b4 42 &1 40 39 36 36
BA 2

27
CaP .1 46 &4 43, &0 38 33 37. 37
BHA .02 4t 44 42 £0 38 38 36 35
Shg 3 43 43 42 41 40 38 37 34
BA 3

28
CaP .2 [ral 42 42 41 40 39 38 37
BHA .01 45 45 42 41 39 33 38 38
Shg 1 43 43 41 40 38 37 37 36
BA 1

29
CaP .2 45 &4y 44 41 & 39 37 36
BHEA .01 43 &3 43 40 39 38 36 34.
Shg 1 4 44 42 41 40 39 38 35
BA 2

30
CaP .2 &7 46 46 42 40 39 37 36
BHA .01 45 45 4é 43 40 38 36 34
Shg 1 43 43 41 40 3$ 37 36 33
BA 3

31
CaP .2 &7 46. 45 L2 & 39 37 36
BEA .01 44 44 43 &0 39 38 36 3¢
Shg 2 45 v 42 41 40 39 37 35

Ba 1




LN

i

TABLE 3 cont,

Treatment vs oif Storage
2 3 4 G 7

32
CaP .2 41 40. 40 35 38.5 38 37.5 37
BHA .01 43 42 40 38 37 37 36,5 35
Shg 2 47 46 4t 42 40 38 37 37
BA 2

33
CsP .2 5 &t &3 &1 39 33 37 3%
BHa .01 44 43 42 39 38 3t 36 35
Shg 2 bé 44 42 &0 38 g 37 3€.5
BA 3 :

34
Ca? .2 43 L3 4z, &2 &1 &0 39.5 33
BHA .01 42 42 41, 39 33 38 37 37
Shg 3 45 42 4G &0 39 38:3 38.5 38.5
BA 1

35
CaP? .2 46 46 45 43 42 40 38 37
BHA .01 45 &3 42 4 39 39 38 36.35
Shg 3 42 42 41 40 39 39 33 45
BA 2

36
CaP .2 45 &t 43 42 349 59 7 36
BHA .01 46 45 b 43 42 40 39 o
Shg 3 45 44 43. 41 59 38 37 36
BA 3

37
CaP .2 46 45, b 43 41 38 3 36
BHA .015 47 46 &5 &4 42 &0 38 37
Shg 1 45 &4 43 42 &40 39 B 35,0
BA 1

38
CaP .2 46 46 43 40 38 36.5 34 36
BDHA .015 42 42 Gl &0 38 34 35 34
Shg 1 45 44 42 41 40 34 37 36
BA 2

39
CaP .2 45 45 44, &0 38 36,5 36 3&
BHEA (015 46 45 43 43 41 38 37 37
Shg 1 44 43 42 41 40 39 38 37
EA 3




1 z 5

40
CaP .2 L5 &6 44 &0 £0 29 50
B4 . 015 43 43 41 £ 59 36 56
Shg 2 42 42 40 39 38 358 37
BA 1

41
CaP .2 LG 46 55 42 41 &0
BIA L015 45 45 bLds 33 37 56
Shg 2 &7 46 45 41 39 39
RA 2

42
CaP .2 46 L4 £3 &0 39 39 38 38
BHA .015 L 42 L1 40 39 38 37 %6
Shg 2 46 45 L &3 40 39 38 38
BA 3

43
Ca? .2 4 L4, 34 &0 39 38 %9
BHEA .015 46 &5 5 40 38 38 558
Shg 3 43 42 1 39 37 38 36
B4 1

44
ceP .2 45 43 40 39 33 325 37
BHA .015 & 46 45 42 &0 38 38,
Shz 3 44 &4 42 &0 39 3 36
BA 2

45
CaP .2 45 40 38 37 37 247 36
BHA L 015 43 41 40 3 37 36 34
Shz 3 & 4t &1 39 37 37 35
BA 3

46
CaP .2 406 49 39 38 37 37 36 36
BEA .02 45 45 41 40 38 37 37 33.
Shg 1 46 45 42 40 39 38 37 35
BA 1

&7
GaE .2 L 43 43 &1 37 37 36 35
EHA L02 45 &b &3 &2 40 39 36, 34,
Shg 1 43 43 42 41 &0 38 2 35

BA 2




TABLE 3 cont.

in

-J

Treatment Do Storage
0 2 5 7

48
CaP .2 49 45 44 &2 38 38 37 56
BE4A .02 ) 43 &2 41 37 28 536 34,3
Shg 1 L 42 L2 40 39 37 ZE 35
BA 3

49
CaPl .2 L 43 43 Lz 33 37 35 34
BHA .02 45 44 42 40 55 28 36 35
Shg 2 44 45 42 42 40 3¢ 33 36
BA 1

50
CaP .2 530 3 &8 L5 &1 39 39 28
BHA .02 47 45 &5 41 &0 39 38 25
Shg 2 46 45 &t Lz &3 38 37 35
BA 2

51
Ca 2 44 43 42 39 38 37 7 36
BHA .02 43 &2 41 &0 39 38 37 37
Shg 2 45 & 43 &2 &1 40 28 36
BA 3

52
CaPl .2 45 43 L2 &5 39 3 37 36
3HA .02 &L &3 42 41 £0 39 3l 6.5
Shg 3 43, &3 1 40 39 38 36 35
BA 1

53
CeR 2 46 45 5 &1 40 39 3% 2
Blia .02 45 43, 42 40 39 37 37 35.5
Shg 3 &5 4 41 &1 38 37 36 36
BA 2

54
CaP .2 4G 45 43 41 30 39 39 37
BEA .02 45 44 L2 4G 39 38 37 36
Shg 3 4L, 44 43 42 41 39 36 35
BA 3

55
Ca? .2 46 45 44 &2 40 39 33 37
BHA .01 &4 4l 43 41 39 38 36 35
Sag 1 b4, 43 42 &0 38 38 37 B5.5




TABLE 3 cont.

wn
(]

Treatment Doys of Storage
0 1 2 5 4 5 o

56
Cal .3 5t 50 £9 Lt 43 4l 40 38
BHA .01 47 L6 45 a3 i &0 43 24
Shg 1 L4 Lé L3 £2 &0 37 35 35
BA 2

57
CaP .3 49 48 5 43 &1 40 39 37
BHA .01 46 46 L3 &0 38 37 36 35
Shg 1 &dy &d 2 39 7 36 36 34
Ba 3

58
Ca? .3 &8 L6 44 &2 40 38 39
BHa .01 Lo &L 41 39 38 37 37
Shg 2 43 41 39 37 36 36 35
BA 1

59
CaP .3 &7 &7 &3 39 38 37 37 35
BHA .01 43 45 43 37 35 35 35 34
Shg 2 47 46 46 28 38 36 36 35
Ba 2

60
Ca? .3 50 50 &7 43 43 41 &G 39
BHA .01 46 46 S 45 &2 39 36 35 55
Shg 2 46 46 &4 39 38 37 36 35
BA 3

61
Cz? .3 47.5 46 &5 43 43 40 40
2Fa .01 45 45 44 &2 &1 39 38
Shz 3 45 45 43 42 41 38 38
BA 1

62
Ca? .3 46 45 44, &3 &2 40 38 37
BHEA .01 &7 46 &L 42 £2 41 249 58
Shg 3 4é 45 43 L2 &1 38 3 36.5

63
Ca? .3 46 43 43 43 41 39 38 37
BHEA .01 46 L4, 42 &1 39 38 38 37
Shg 3 45 &4 42 40 40 39 38 38




TABLE 3 cont

Treaitment cf Sterm
2 3

G4
CaP .3 &7 &ty 4 &L &3 & 38 57
BHA .01 L) 46 43 &2 &l L5 3 O3]
Shg 3 45 45 &4 &0 &0 38 Ko 26
BA 1

65
CaP .3 44 Ly Gids 3 41 39 38 37
BAA 015 47 47 43 42 40 za 7.5 37.5
Shg 1 47 47 43 &1 39 39 o] 38
BA 2

66
Ca? .3 47 L6 L5 L3 43 &7 &0 37
BHA . 015 46 46 & 42 41 39 39 35
Shg 1 45 45 43 41 39 538 37 3%
BA 3

67
CaP .3 47 46 Lo L4 41 &0 38 36.5
BHA .015 46 46 45 43 40 35 37 35
Shg 2 47 46 v 43 42 44 3
BA 1

68
CaP .3 48 &5 A 49 39 38 37 35
BHA .015 47 &6 43 41 40 39 36 35
Shg 2 46 45 &2 40 39 38 35 34
BA 2

69
CaP .3 48 45 44 43 41 38 37 35
BHA L0135 46 46 44 42 40 37 35 S4
Shg 2 47 &7 46 &ty 40 39 37 33
BA 3

70
Ca? .3 L3 &5 v 43 40 39 37 35
BIA L0015 47 406 43 42 39 38 32 34.5
Shg 3 47 47 45 &2 40 39 37 35
Ba 1

71
a? .3 45 4, 42 42 41 39 38 36
EEA ,015 4dy 44 41 40 39 33 37 35
Shg 3 42 42 40 39 38 37 35 34

BA 2




Treatmenc pave of Sterage
2 3 & 5]

72
CaP .3 oG &2 42 L2 42, 2L 54 37
BHA 015 48 &7 Ly L3 41 &0 A 35
Shg 3 49 £3 &3 41 &1 &0 BLS 37
BA 3

73
Ca? .3 &5 438 46 45 43 &1 40 38
EzA .02 46 46 4L 43 L2 L0 39 38
Shz 1 45 45 43 &1 4G 29 36 35
BA 1

74
CaP .3 48 47 45 &4 43 &1 39 37
BiA L 0Z 45 46 &t &3 &1 &0 38 36
Shz 1 &G L5 &5 L2 4G 38 38 326
BA 2

75
CaP .3 L 43 43 &L &1 39 37 57
BZ2 .02 &5 4 L2 L1 &5 39 38 38
Shg 1 Lt 4L L2 41 35 38 34 37
BA 3

76
Ca? .3 45 L &b 42 £0 38 ellc: 34
BHA .02 45 Lo 43 &1 ) 27 35 35
Shg 2 42 42 41 40 39 38 34 34
BA 1

77
Ca? .3 47 &5 42 L1 40 38 36 34
BHA .02 45 45 43 40 39 37 35 33
Shz 2 444 &b 42 &1 39 38 37 36
BA 2

78
Ga? .8 & 45 &3 42 40 3% 3l 35
B3A .02 46 45 42 40 39 38 33 34

45 44 41 £0 39 38 37 33

Shg 2
LA 2

79

Ca? .2
BHA .02
Shg 3
24 1

47
45
46

&5
4y
46

43
41
42

41
40
41

&1
39
39

39
38
37

Lo Ly W
~1 v ~]

Ly Ly Lo
L >~ Un
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TABLE 4.

WEIGHT OF WAN STCRED

Y

Lot
i"\]'j

e oy e
vl

O
t

PROPIONATE %, DLRA = BY { ANLSOLE 4,
%, DA = BACTERIAL ALPUA-AMYLASK SK UNITS/1006C CorF AUT
Treatment Daye of Storage
0 1 ph 3 & 5 G 7
1
caP .1 i0z.5 162.5 i0Z.5 iGZ2.5 1G2.5 i0Z2.5 102,35 102
oEA L 0L 101 101 131 10% 101 101 1601 10G.5
Shg 1 100 100 160 iGo 100 160 160 160
A 1
2
CaP .1 105 105 105 105 13035 105 105 164
BHA L OL 103 163 103 183 103 i03 103 1062.5
Shg 1 102 i0z 10Z 102 162 152 102 101,35
BA 2
3
ca? .1 95.5 5.5 93.5 95.5 §3.35 $3.5 £3.5 9L.5
BEA .01 101 101 101 161 101 10T 101 1840.5
Shg 1 99 95 99 99 59 59 g5 83.5
BA 3
A
Ca? .1 1C0 100 160 iCo 100 130 89.3 33
BHA .01 105 105 i05 1G5 105 0 1G5 104.5
Shg 2 106 106 106 106 1086 106 i05.35 185.5
BA 1
5
afP .1 103 103 103 103 103 103 i03 182.5
BHA .01 i0l 101 101 101 101 101 166.5 160.5
Shg 2 938 98 58 9 98 98 98 g7
BA 2
6
Ce? .1 898.5 98.5 93.5 3.5 638.5 98.5 98.5 2e]
BHEA .01 102 102 102 i02 10z 102 102 i01.3
Shz 2 105 105 105 105 1065 165 105 14,5
BA 3
7
a? .1 107 107 107 167 107 167 106.5 1068
nHA L 01 101 101 101 101 i0l 101 101 1CC.5
Shg 3 103 103 103 1C3 103 103 i03 103
BA 1
8
Ca? .1 102.5 102.5 102.5 10Z2.5 102.5 102 102 i03.5
BEA .01 104 104 104 104 104 104 104 04
Shg 3 101.5 101.5 101.5 161.5 101.5 i0L.5 101.5 10L




G

TABLE & econt
Treatmants Joya of Storage
0 z 2 @ 4 5 5 7
9
CER 1 103 103 145 1G5 i03 105 185 1% 5
BHA LC1 103 103 103 103 ig3 102 153 152.5
hz 3 101 101 101 101 101 101 166.5 100.5
BA 3
10
CaP .1 5.5 96.5 95,5 26.5 $6.5 6.5 S6 55
BHA .015 98 o8 58 o8 98 93 53 9.5
Shg 1 ig2 102 102 102 102 102 162 10L.5
BA 1
11
CaP .1 103 103 103 103 103 103 103 162.5
BHA .Cl5 101 101 101 igi 101 101 130.5 150.3
Shg 1 104 104 104 104 104 104 1064 103.5
BA 2
iz
CaP .1 102.5 i02.5 10z.5 102.5 102.5 102,535 102 102
BHA .C15 103 103 i03 103 03 103 103 102,5
Shg 1 101 101 101 101 1G1 101 101 10G.:5
BA 3
13
Ca? .1 i01.5 101.5 i0L.5 1015 161.5 i01.5 19,5 100.5
BHA L0153 103 103 103 103 103 103 103 10Z.5
Shg 2 165 105 105 105 105 105 102 103
BA 1
14
Gag x1 104.5 104.5 1C4.5 104.5 104.5 104 104 103.5
BEA .015 102.5 102.5 102.5 1062.5 102.5 102.5 i02.5 102.5
Shg 2 103 103 103 103 103 103 102,35 102
BA 2
i5
CaP .1 1063.5 103.5 1063.5 1383.5 ig3.5 103.5 103.5 103
BEA L0135 101 101 101 161 101 101 101 L0825
Shz 2 104 104 104 104 164 104 104 103
BA 3
16
CeP .1 110 11¢ 110 110 110 110 110 1095
BHA .015 106 106 106 106 i06 1068 163.5 105
Shg 3 101 101 101 101 101 101 100.5 100.5




n

Treatments says of Storage

0 i 2 3 £ S o 7
Ca? .1 167 i0 ig7 107 107 07 166.5 105.5
BEA .015 g8 S8 93 G3 g8 58 g3 97.5
Shg 3 100 100 160 100 106 59.5 99
BA 2
Gad .1 105.5 185.5 105, b 2G5.3 i05.5 25,5 £05.5 1063
2HA LOL5 101 101 101 101 101 101 1031 100.5
Shg 3 103 183 103 163 103 102.5 03 i6Z.5
BA 3
CaP .1 108 108 108 168 103 103 07.5 167.5
BHA 02 1¢1 101 101 101 i01 101 100.5 180
Shg 1 103 103 03 103 103 LO3 1E, 5 10
84 1
Cz? .1 i05 105 105 103 1G5 105 i04.5 104,35
BEA .02 i0zZ 102 162 102 102 102 i¢2 101 5
Shg 1 104 104 104 104 154 104 104 1063.5
BA Z
CaP .1 94 9L 94 94 G4 54 Sé 93.
BHA .02 93 28 98 93 98.5 93 87.5 97
Shz 1 102 102 102 ig2 i0z 102 i0L.5 101
BA 3
caP .1 LG8 108 138 105 108 168 g8 107.5
BHA L 02 105 105 105 105 105 105 105 104.5
Shg 2 103 i03 i03 103 103 103 133 102.5
BA 1
CaP .1 108.5 108.5 108.5 108.5 108.5 108 103 103
Bha 02 100 100 100 100 100 100 100 99.5
Shg 2
BA 2
CaP .1 107 107 107 167 167 107 19645 106.5
BHA .02 105 105 105 105 iGgs 105 104,53 104.5
Shg 2 101 101 101 ict 101 101 101 130
BA 3




TABLE 4 cont.

(S5
n

e

Treatments vi of Stornnme
0 1 Z 3 L. 5 5 7
25
CalF .1 114 114 114 114 1i4 114 115.5 113.5
BiA .02 1i1 111 111 I1i 11l (533 ki) T16. 5
Shgo 3 102 102 102 102 10z 102 162 101.5
BA 1
20
Ca? .1 110 110 14 118 110 110 0%, 5 108.5
B4 .02 103 103 103 103 103 183 133 102.5
Shg 3 104 104 104 104 104 104 104 103.5
BA Z
27
Ca? .1 109 108 108 169 1G9 108.5 168.3 108.5
BHA .02 10% 101 01 10 icl 101 163.5 109.5
Shg 3 59 89 99 59 99 99 99 88.5
BA 3
28
CaP .2 107 167 107 167 167 107 136.5 i048.5
pEA .01 102 102 102 i0e 102 i02 102 i01.5
Saz 1 100 100 100 100 160 1GO 108 58.5
BA 1
29
Caf .2 102 o2 102 102 102 102 102 10%.5
BHA .01 103 103 103 103 103 103 iCZ,5 10z.5
hg 1 100.5 100.5 100.5 100, 100.5 100.5 1G0.5 100
BA 2
30
CaP .2 106 105 105 106 106 106 b8 108, 5
BHA .01 LG5 10L.5 101.5 5 10L.5 1031.5 101.3 101
Shg 1 103 103 103 103 103 103 103 iG3
BA 3
31
Ca? .2 &7 87 S7 97 g7 57 o7 a7
SHA .01 102 102 102 102 102 102 10L.5 101,35
Shg 2 105 105 105 105 105 1035 1G5 164.5
A 1
32
Cap .2 104 104 104 104 104 104 104 1G4
Exa 01 101 101 101 101 iol 101 101 100.5
Shg 2 iG3 103 103 103 103 103 103 iG2

43
e
N




TABLE 4 cont
Treatments Boys of Siorage
G i 2 3 & 5 4 7
33
CzP .2 110 110 110 ii0 110 120 130 110
BHA .01 107 1067 147 107 107 107 1536.5 1G&.5
Shg 2 101.35 101.5 10L. ! ill.5 101.5 1GL.5 0i.5 101,35
BA 3
34
CaP .2 102 102 icz2 102 102 152 iz 101,35
EHA .01 104 104 104 i0& 104 104 1G3, 5 235
Shg 3 i0¢ 106 106 108 iGs 1046 105 1G5.5
BA 1
35
Cap? .2 159 1069 169 165 109 1G9 108 108.5
BHA .01 101 101 101 101 101 161 1015 10,5
Shg 3 i0C 100 100 100 160 100 1G0 9.5
BA 2
36
Ca? .2 107 107 167 157 1067 iG7 07 iG7
BHA .01 103 103 103 103 103 102.5 102.5 102.3
hg 3 10L 10l iC1 101 101.5 101.5 101 101
BA 3
37 :
CaP .2 108 108 108 108 108 108 1G7.5 1G67.5
BEA .015 98 98 93 53 98 a3 S8 97.5
Shgl 100 100 100 100 100 100 100 9%.5
BA 1
38
' Ca? .2 107.5 107.5 107. 107.5 1067.5 107.5 107,35 167
BHA ,015 1) 96 96 Sa 96 956 95.5 95.5
Shz 1 99 99 99 99 99 29 9&.5 66.5
BA 2
39
Caw ,2 106 106 1058 106 106 106 166 106
L:ZA .015 101 101 101 i01 101 101 100.5 100.5
Shg 1 103 103 103 103 103 105 103 102.5
B& 3
40
Ce? .2 1046 106 106 1056 106 106 105.5 105, 5
LHA .015 102 102 102 162 102 102 102 10L.5
Shg 2 104 104 104 104 104 104 103.5 103
BA




TARLE 4 cont.

ooy
[#)

Treatments seng pf Stovase
{ i 2 3 & 5 & 7

41
CaP .2 11L1.5 111.5 131Lk.5 iil.5 1:1.5 111.5 113 113
BiA . 0L5 10%.5 101.5 10%.5 101.5 101.5 1845 165.5 L0
Shg 2 98 93 98 5o 98 Se Slow 97
BA 2

&2
CaP ,2 108 106 103 106 i06 166 135,35 105.5
BEEA L0135 16t 101 101 101 101 10,5 1GG.2 100
Shg 9% S5 P 590 95 S6 95.5 g6
BA 3

43
CapP .2 109 109 BRVLS] 109 108 109 1G9 1G9
BHA 015 Y 102 102 182 102 132 1845 10L,5
Shg 3 100 100 100 106 100 ico S50 $9.5
BA 1

44
CaP .2 148 108 1G8 1G3 168 108 108 108
BEA 015 102 102 ioz 102 10z 102 101.5 101
Shg 3 99 95 G9 25 59 99 9.5 3
BA 2

&5
CaP?P .2 103 103 103 103 103 103 102.5 102.5
BHa L 0L5 104 104 164 1G4 104 104 104 1035
Shg 3 101 101 101 101 101 101 100.5 10G.5
BA 3

46
Cap .2 104 104 104 104 104 104 104 104
BHa .02 102 102 102 102 102 i0z 102 0
Shg 1 105 105 105 105 105 105 105 i04
BA 1

47
CaP .2 102 102 102 102 102 102 102 3.5
5HA .02 gh g5 5 55 95 85 95 94.5
Shg 1 98 98 83 98 98 53 97.5 §7.5
BA 2

48
Cz®» ,2 102.5 102.5 102.5 102.5 102.5 102.5 162.5 1c2
EZ: .02 100 160 160 100 140 1008 99.5 98.5
Sag 1 98.5 88.5 §8.5 98.5 898.5 98.5 $8.5 GE.5

BA 3




Treatments Deova of Storapge
3 1 2 3 L. S 35 7
49
Ca? .2 164 104 1G4 L0& 104 04 53,5 162
BHA L0Z 101 61 1.9 101 0T i0% G 150,53
ghe 2 183 163 103 igs i03 102.3 162,32 162.5
BA 1
50
CaP .2 06 185 106 105 iC6 156 it 105
BrA .02 a5 96 55 S5 96 &5 €6 §5.5
hg 2 53 g3 Se 93 58 93 S8 S5
BA 2
51
Ca? .2 104 104 104 i04 104 103 103
BHA .02 101 101 101 101 i01 i0G.2 1095
Shg 2 103. 103. i83.5 iG3.5 103.5 102.5 ic3
BA 3
52
Gap 2 106 106 106 1035 106 162 igl igl
BUA .0Z 1063 163 103 103 103 103 103 183
Shg 3 59 99 99 59 g9 g4 88.5 88.5
BA 1
53
Ca? .2 107 107 107 10 107 i0e.5 106,53 106.5
BHA .02 101 101 101 il 161 101 101 100.5
Shz 3 o7 97 g7 97 91 57 86,5 856.5
BA 2
54
CaP .2 101 101 101 101 101 igl 180,35 1G6G.5
BHA .02 103 103 103 103.35 103 163 103 03,5
Shg 3 106 106 108 106 106 105 i05.5 105.3
BA 3
55
Ce? .53 104 164 104 104 104 103 1G3 183
nHA L01 101 101 101 101 101 101 ifL 10C.2
Shg 1 1G5 105 103 105 105 105 i04.5 104.5
Ba 1l
5%
Gel . 3 108 103 108 108 108 1C8 107.5 107.5
2Ee 01 100 100 100 1G0 100 160 160 9.5
Shg 1 98 28 @8 98 58 58 93 7.5
B4 2
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TABLE 4 cont.
Treatmenis s of Storzge
d 1 2 o & 5 7
73
CeP 3 108 108 108 1408 108 168 153 i6d.5
BHA .02 i01 101 101 102 101 i01 10l 101
shg 1 100 100 1G0 Lad 200 100 1G5 55.5
74
Cap .3 101. 101.5 101, 131, 101.5 i0E.5 10i.5 161.5
BHA .02 1G3 103 103 103 1 163 143 1892.5
Shg 1 106 106 106 136 1G5 106 106 36545
BA 2
75
&P . 101 1C1 101 153 101 101 161 101
BHA .02 56 GG 96 96 %6 96 GE 85.5
Shg 1 101 101 1GL iC1 101 161 i01 100.5
BA 3
76
CaP? .3 59 g% g9 5% c9 Go g9 59
BHEA .02 ig0Z2 102 162 102 102 102 102 101.5
Shg 2 10 i01 101 101 101 101 101 100.5
BA 1
77
CaP .3 106 106 106 106 106 1056 166 105.5
BHA .02 101 101 101 101 101 101 100.5 100.5
Shg 2 93 958 98 98 98 98 97 97
BA 2
76
Ca? .3 1606 160 100 i00 1060 120 100 99.5
BrA .02 103 103 103 103 103 103 103 102.5
Shg 2 102 102 102 102 102 102 i0l.5 101
A 3
79
Ca? .3 101 icl 101 1@ 101 161 101 100.5
BHA .02 103 103 103 103 103 1403 102.5 102
She 3 100 o 100 100 100 100 106 9G.5
T
&80
Ce? .3 104, 104.5 104, 104, 104.5 14,5 104.5 104.5
EEA ,02 101 101 101 101 101 101 100.5 100
Shg 3 93 98 98 g8 98 S8 g8 97.3




TABLE 4 cont,

o s

!l =

Treatments

BHA .
Shg 3
BA 3

p
G i 2 5 5 & #
107.5 107. 167.5 107.5 107.5 107.5 107.5 147
Lk 161 101 101 101 L84 1005 160,53
103 103 103 103 103 fdah 102,52 152
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CaP .1 109 10 10 GG 93 Gz o4 S50
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Ca? .1 109 103 162 100G 99 g8 b7 93
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BA 3
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BHA .01 109 104 101 101 100 57 G4

Shg 2 1086 102 102 ico 98 9z 883

A 1

cep .1 110 108 107 104 98 4 g6
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Treatments Saye of Storoge
0 1 Z 3 & 5 5 7
17
CaP .1 113 10 1038 LG 106 105 1G4 163
BHA .015 168 106 101 93 97 g7 95 9%
Shg 3 102 00 97 86 95 95 54 94
BA 2
18
Ce? .1 114 113 110 inG 105 1465 104 153
BiA . 015 103 161 5¢ 97 g6 26 §5. 95
Shg 3 110 167 107 106 105 182 g9 S7.
BA 3
19
Ca? .1 LOG 104 103 Ho2 10z 150 160 g7
Bua .02 1G9 108 106 103 102 102 100 55
Shg 1 13 110 108 107 106 104 102 102
BA 1
20
eP .1 111 105 2032 101 101 85 23 86
BHA .G2 107 101 100 & 97 g7 54 G4
Shz 1 112 110 09 ic8 105 103 161 100
B4 2
21
Ca? .1 113.5 110 107 107 107 104 1062 101
BHA .02 163 160 98 97 96 G5 9% 9%
Shg 1 108 107 107 104 1063 102 101 100
BA 3
22
Ca? .1 11l 109 108 107 104 1631 160 Bk
EZA .02 114 111 110 108 107 105 163 103
Shg 2 116 112 109 1G7 106 166 105 105
Ba 1
23
CaZ .1 110 168 107 163 103 10 100 G5
BHA .02 109 107. 107 184 103.5 10 101 150
Shg 2
BA 2
24
Ca? .1 109 109 108 105 1365 104 163 1303
Bua .02 113 112 110 108 107 105 102 101,
Shg 2 iC4 101 98 98 97 96 93 S3

BA 3
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TABLE 5 cont.

Treztmanis v of
] 1 2 3 4 = & 7
25
Ca? .1 111 109 1038 158 104 102 101 100
BHA .02 106 103 101 59 S8 g7 35 55
Shg 3 108 107 105 103 102 101 1G¢ 93
!-‘ 1
26
Ez? .1 1172 110 105 ica 106 104 10 Tl
EZA .02 1G3 101 S8 25 g5 o 53 G2
Shg 3 113 110 i09 287 105 104 102 101
Bé& 2
27
Caz .1 110 LGS 103 iGs 1465 104 ip4 103
BEA L{2 114 11L ii0 105 105 104 164 62
Shg 3 106 iC4 102 160 53 53 G S5
BA S
28
Ca?P ,2 1135 109 ic2 iCh 104 102 100 &
BHEA LO1 103 103 1C3 ThZ 101 29 38 94
Shz 1 117 116 114 10y 133 107 1G5 104
BA L
29
Ca? .2 106 104 103 101 9% a3 g7 1)
EXA LO1L 131 110 i03 i07 105 102 101 100
Shz 1 Li3 i09 169 1G8 106 105 102 160
BA 2
30
cz? .2 109 106 104 i03 104 102 10 . 1G0
BEA 01 116 108 107 107 105 104 103 iG3
Shg 1 114 ili 109 108 167 105 ics icz
BA 3
31
cap .2 111 108 106 104 102 100 94 P
L 113 110 108 104 101 93 97 8.4
Shg 2 107 1C4 102 160 93 57 96 G
BA L
110 109 108 106 162 101 101 100
108 103 101 g9 93 3 g7 cé
116 113 101 g9 98 g8 97 L)
116 113 110 1006 i04 101 100 99




Treatmer DEvE Lora
{ i bt " 4 i < 7

33
Ca .2 pEZ 109 07 L3 180 03 G5 53
Bid .01 114 11l 209 L3 103 153 9% i)
Shg 2 1ce 107 EReL 101 94 57 55 94
DA 3

34
CaP .2 108 106 1065 104 igl 55 Gty 53
BaA .01 113 11k 0o ias 151 53] g7 g7
ghe 3 105 102 FRéls) 98 97 97 96 35
BA 1

35
CaP .Z 103 105 105 104 10t 97 53 g3
BHA .01 i1l 1C8 137 104 103 130 59 95
Shg 3 iG7 104 101 99 99 98 57 g7
BA 2

36
gar 2 108 iG7 FREN 0L g8 S5 57 g5
BHA .0L 112 110 108 104 100 2o 56 83
Shg 3 L5 103 101 107 103 101 S8 95
BA 3

37
CaP .2 114 11z iio ina 107 105 103 i01
EHA .015 110 157 106 105 103 162 49 97
Shg 1 106 103 101 100 99 97 Go g3
-‘lea;. 1

38
CaZ .2 111 108 106 104 203 100 85 9g
BEa 015 109 106 105 104 101 1¢0 88 95
Shg 1 105 102 160 98 g7 g6 g5 92
BA 2

39
CE2 2 114 111 g5 105 103 ig2 10t iGG
BHy L0135 107 105 102 g1 100 g6 91 S
Shg 1 1iz 109 iga 107 104 103 101 g9
BA 3

40
Gap 2 118 113 110 109 108 106 104 182
BHA L0153 110 107 106 105 104 103 130 97
She 2 105 102 160 g9 g8 96 95 52
B.’.E. 1
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TADLE 5 cont.

Treatments Laye oif Stounme
{ 1. 2 & 5
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cap .2 112 110 169 iG7 106 103 (7
B3ia L 02 114 135 105 ) 53 94 56
Shg 2 104 101 10¢ 59 93 97 93
34 1

50

CaP .2 108 106 104 1G3 102 1G0 GG
BHA .02 106 103 102 inz 6% 140 5é
Shg 2 i1l 109 ite 1658 105 iC4 &0
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BZA .02 113 i07 104 138 %7 5o g3 93
Shg 2 1035 102 161 180 97 G6 94 G4
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37
Ca? .2 113 167 103 g4 S9 8 g5 &5
SHA .02 109 107 105 184 103 i0l 183 57
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TABLE 5 cont.

o
'\_\

Treatmants bews of Sooraze
D 1 2 3 4 B 5 7
73
CaP .3 113 110 107 101 93 97 Cé 92
BHA .02 109 104 103 160 97 Sé 93 S5
Shg 1 111 107 105 99 G3 96 G4 G,
ALl
74
CapP .3 103 103 102 97 g3 S3 93 93
BHA .02 115 111 109 104 100 59 3 S4
Shg 1 110 106 104 100 g7 gz 93.5 S0
BA 2
75
CaEp .3 108 i07 1G7 102 101 g3 g7 2e)
BHA .02 i4 110 iGE 103 89 Gg 93 g5
Shg 1 106 101 99 G7 96 a5 93 &1
BA 3
76
Ca? .2 112 108 102 100 10G 98 97 56
ZHA L Q02 113 109 106 102 99 87 26 95
Shg 2 107 102 101 100 98 Go 94 93
BA 1
77
Ca? .3 110 109 106 104 102 101 59 58
BZA .02 104 100 GG S5 95 83 91 89
Shg 2 1ii 107 105 100 98 G7 95 82
A 2
78
Gar ;3 109 105 1048 106 104 103 100 85
BHA .02 113 110 107 103 100 o8 67 g6
Shz 2 106 101 100 g9 97 G5 G4 Gz
BRA 3
79
CaP .3 112 110 109 107 104 101 g 539
BHA .02 115 313 112 110 107 163 101 101
Shg 3 107 105 104 i02 99 96 95 94
A 1
80
Ca? .3 110 108 107 104 102 101 160 ]
BHA .02 106 104 103 101 98 G5 93 52,
shg 3 113 111 109 103 103 102 100 160
BA 2 .
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Varization in cihiemicel constituents was 1

PRS00

educed considerably by

Chapzatis and nan stored in polyethyiene bags, which exhibited mzxinum

+d

storage life, were analyzed for ctein, &sh, crude fat and

culated as mg/K0d %, on 30% moisture basis).

Similar analysis were runm on Ireshly baked chapatis a=nd

rh

rr

observe any change in nutrients betwezen Zresh and preserved chapati

e’
.

{Tables § and 7

% -

Protein content and cyude fat content oI chapa

o
(SN
15}
o
e}
fal

[¢]

change significantly during storage. Ash comtent of chapa

ing storage., The szme trends wer

.

became dry, hard, and brittle due to tremendous loss of moistur

P
o

=]

zt acidity {cal-

id not

s and nen remained

1,

oocserve

25 mentioned before the

o]
[

r

2 or 3 days so further studies were discontinued on this wrapper.

é
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in chapatis
products
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Acceptability of Stored Chapatis and Tan.

<
3
o
o

chapatis and nan were evaluated by a panel ci judges in wiiieh six student

India and Pakistan participated. The zesulis ol

Table 3, The data were analyzed statistically by the two-way analysis of var-
ignce with respect te color, aroma, texture and eating properties {Tables §-10),
It was observed that zll these formulaze were found to be accepteble by the
members of the tasting panel, t can be concluded that chapatiz oand nan cean

be stored safely up to seven days by the addition of .2 or .2% cclcium nro-

P

pionate, .0l to .01i5% butylated hydroxy anisole, 3% shortening and 2 or 3

units of bacterial alipha-amylzse/i00 g of atta in douzh, 1.5% sodium chle
end, in the dough of nan, 2% compressed baker's vyeast.

ven days were found tc be absoliu
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iree from off flavors and were organoleptically acceptable. Eowever .15%
butylated hydrony anisole appears to be &z limiting concentration
point of acceptability., Moreover preduct made from dough to which 1 SX u

bacterial alpha-amylase/100 g was added was scored poor, which shows that

units of bacterial alpha-amylase is at or near the minimal level,

ceepraniliity of stored

5K

ride

view

nit of

2 8K



i
|
i
|
|
i

)

<

i

jop’
ST Oy
Lo o
oo

™

P
H
§
&
1
]

7 7 vd

SN
<3
(=)
~0T S
.3‘- i,
O OhVCD ™ ICT

¢ ¢ 8ys

4 10" VY

P~ SO~ C0ICO COICD WD Wi o

1 ¢ ded

R A i e -
RO OO “SS O ¢ NSO ¢ - - 8 8 9

i ¢ vd

—i
SIS OV O

g ‘ 0T o1 01 01 01 01 01 € € 3ys

oL 0T 0T 0T _ 0t 01 01 01 z S10° vHd

3 L 6 01 8 8 L L T 17 dBd

1
ERAR

mv.,.o.a,ﬁ 10709 mm‘wuﬂm_ S

*(HONOA 1L VILY 9001/851 VLY IVIRMEEDVE = vyl "% DUTMAINCHS
= DHS ‘% WTCSIMV AXQUUAH HIVIAIOL = VHY ‘% ALVHOIJO¥A HATUIYD = VD)  "Sovd W ¥iiHIAATOL
NI GHUYOLS MWVH aNY SIIVLL ) J0 SHTIMHACUd DTJAITIONVIIO HHJ HO LSIL SUIMOD8 TUL L0 SIINSHY g widvi




L]
FO

3 8 01 3 6 3 9 g

SR - WU - S 6. O R .0 8 3 9
3 L g ) 6 L 6 3

N ' 1 / g .8 6 8 s
L L 3 3 2 6 8 01

N S L. I 3 8 .6 .01 ot . ... %

S b 01 01 01 01 01 0T

. 0T 01 0t 01 01 01 €

O Ol

4

0T

[

8
9

SV ORO M~ IOy OhiCd Ol on

&~ L0 L0000 000D O i~ 00 K0 O

Buiaeq

sataasdong

2ANIKI ],

BIOLY

10109 adpng

CO O M~ =100 00 COMD M~ 0 0O
~3J

I

z vd
¢ 3ys
10" vug

€' ded

¢ v
¢ SYs
§10° VHY

£ dvh
£

BURUIZIAT,

TAE0D g WAV



]
]

IR S T S o1 6
IR DY : SO . WU . W " 6

=~ -

[ GT0" vid

™~ SO0 O OOy il OISy O

CO L2 O O 00 CVitD O~ 008D O
-

480
9

i
:
§
5
i
3
|

i ¢ vd

6 01

o colod colm o0id o

¢ £ 2ys

6

SANIXD T,

EUOLY

IOT0D

OlGlﬁ)th-h-w [

SITYA0E0Ig
3uran

DANIUS T,

O~

01

01 /4 GLot vid

= e S e i,

R o A T £ AL 5 ) R R e 28 e, G e 2 i s

LoD

3

L ! £ dBd

)

wapng sauLageaa],

"iuoo g TAVL



iy

0 8
5. 3 L
6 8 3 L 2
e B 3 6 8 / g
6 9 9 6 L
e L. 9 6 9 Y Z vd
6 8 L 9 6
AL - 8 . 9 9 01 € z 9us
4 6 8 g e
SR U - 1 8. il ..b Z S10" Vg
0 6
0 6

—

i €7 ded

L 9 0t g
) el . 3 9 9
3 6 6 6 8
6 6 6 6 3 g
9 0 3 9 ]
L. /. 0 g L 3 i 7 vd
6 A 0t 01 6 9 L 8
e S 1 NSRR— ! - st L : 8 .8 g 1 84s
5 6 L 3 6 8 8 6
IR, | S - PR . e B 8 . ...._.8 ) 4 610" vHd
6
6

Ch
<
™
[} i
i i
O
0000!

01 T £ d¥D
L

1 O ALY 10100 2upng el (qBaLT,

, 5D L7 A

II03 g ITAVE



R M e T Am— BT
NV - S— | A— T SRTR——. ) N— - 01 Ut s

7 T vd

i

£ ¢ 494s

4 CL0" vHY

O\ VoY 00 O~ co i~ o

T £° ded
01

0L L 6 6 3 0T 6 6
6 L 6 B s 01 .8 6 9
9 L L 4 01 3 3 6
9 L 3 8 6 8 8 8 )
L 6 9 % 8 9 6 8
.8 8 L g R 3 L 8 8 f 1 vd
01 ) 6 6 ) 3 3 8
W— WU TN S — 6. . S— 8 £ ¢ dus
L 9 g 9 ) L 2 3
eSS B R 8 S 6 ¢ SIOT WHY
8 9 9 01 ot 6 6 6
L 9 L 6 0l 8 6 6 1 €' ded
)
w01y | z010n | safjaodoag | @anixoyl, W0y X0[0) | 04pni | JUsdIBOLL
SUT R supyeyg
T e T - BTG

FIUOD g FIUV



oL T Ty T ot 01 g 01 L 6
L S SR SO A SOUS - S 1 8. 6 9
5 L 9 6 g 9 L L
e B 88 5 8 6 9 1
6 0T 5 6 01 6 2 8
e 8668 0t 8 6 8 i € vd
01T 5 6 0L 6 6 L 6
o e e e B ALY 01 -~ 8 3 6 . ... 8 U € 3ys
6 3 2 01 6 0t 3 3
SR Y SR SR ¢ RO - HUUI .3 BT 38 0T [4 GI0° VHI
Ul 5 g 01 6 5 3 01
o1 6 g 0L 6 6 3 0T 1 €' ded
Z1
ara TG 5 01 T8 6 6 3 o
SOOI U O | TS - MU 6 6 6 A 9
6 ! 7l 3 12 L 8 3
S N - SO, 8 . 3 L 6 L q
01 ot 6 6 8 1 8 L
. S . S L 1 S 3 6 ) 3 9 Ui 7 vd
0T 5 5 6 6 3 3 )
L L ¢ S ) 6 . 3. 8 3 £ £ 3us
o 3 L 01 6 g 6 5
S SO M. . SU 6 8 g 6 o7 Gip° vug
0t 3 5 01 01 6 5 6
01 5 ) 5 0L 6 6 6
N s R N T B I0[00 | sutiaocdoad | oanaxadq  BwoLv ELIChE
gurjeq
- - i.z.,i.uh; -..WMM.H-!. e . T B ww.“._p.“.. ik ﬁ..,.;u ..‘.. - . e

TIU0D g WUV



i
i
=

.

1%
A
Tl B
S

LA Lty

"
=
=

£3

=3
i

R
,
o

2

-
S Lid
3

AT

Qo
(e -5

3 9.

TABLE

(G}

W]
4
3
3
T
L

U

Sourcec o

VOF

9]
1]
5

I~
[

—

&)

¢l

o

€8]
ol

r—

v

i

ment

13

a

W

£

[an

~F

<3
(o]

(ol

1. 127

6.200

reatment

T
S

<2 €0
] o)
58] (a1
o W
() i~
%) [
wd [N
[ [
[&e] ol
i (9]
O 5
) et
)] «D
Lin] (o]
v o]
et (]
T cd
'8 r~
@)
=)
it}
=
= H
o]
= 4
I
[+

o

o

o]
~j
-~

6.172

. o

e [

Ul IO

Ly

[

ol
il

oupin

1
o) Oy
r

=t

I

of e
b
o]

-
O

)
9]
|
iN]
e
w
(@]
o
g
o
for]
(5]
-
[7a]
]
e}
et (]

[t
[ aalhs|
el
[e8%e)

<

i
gt

B 7 10

il

[am ot

el

r=t

e

Textus:

e

=1 -l

™~ Oy

(o B

e

o

e

]

)
95}
A



('

g
TADLE 10. O VATUIARCYE TOR OO0 Sl L
T
IZS OF FNAN, g RI0HS ALl
STORED ¥OR SEVEN DAYS IN 5G5S,
e
MEAD oTUETes

Source of Degree of
Variation Freedom Colox Aroma Texbuy Totiag Pronsgtias
Treatment 11 2,157 3.850 3.553 3.87%8
Judge 5 14,312 10.545 6.311 6. 327
Treatment

X Judge 55 1.576 2.824 L.5%Y 1.667
Error 72 0.354 0.3268 0.430 0.416
Total 143
¥F. Ratio for

Treztments 7.1086 10.461 7.788 &, 283
Non Sisnificant 18D sroumine (Szmole ¥as. are ideatical to those in Teble 8
N0 LEDLTLCaAnT L groupings. (oamp.Le 335, 4r¥e Laentica C0 C[ose 11 iable o).

a 11 &

- A o -~

Color: 12 1 675 2 7 10 8 3 9

Aroma:

(&4
Texture:

S 7 4 9

Eating d
Properties: L

1 3 9 &

a, L3D of 0.3
B LSS of 0.3
B 18D of 0.3
a. LSD of 0.3
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Preliminary studics
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subsequent work., During the preliminary work the orgenisms causing spoiisge of

termined. Processing conditions for chezutis and nan were stancerdized; &0%

water absorption, 1.5% sodium chloride were found to produce the best cuality

procducts, A further addition of 2% compressed bakers yeast gave the best

Variztion in chemical constituents was reduced considerably by standardizing

the processing conditions. Chapatis and nan produced with the incerporation of
.2 or ,3% caleium propiomate in the formula had a storvage iife of seven days,

Adding sodium chloride in formulations improved the efi

z calcium pro-
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pionate a5 an antimicrobial agent. The requirement of calcium proploazate could

probably be reduced by increasing the sodium chloride content to its acceptability

sddition of .01 or .015% butyleted hydroxy anisole {3.H.A.) improved the

C15% B.H.A. appeared to be a limiting concentration for acceptability,

secping quality without affecting the flavor of either chapatis or nan. However
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