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RESEARCH PAPERS

Presence of an Inhibitory Factor to Gas Production by
Clostridium perfringens in Husks of Chick Pea (Cicer arietinum),
Cow Pea (Vigna sinensisy and Horse Gram (Dolichos biflorus)

H A El Faki, T. N. Bhavanishankar, L v Venkataraman, R. N. Tharanathan and
. R. Desikachar

Central Food Technologicél Research Institute, Mysore-570 013, India

Manuscript received 9 March 1983; revised 9 November 1983

Endosperm carbohydrate fractions of chick pea, cow pea and horse gram cause flatulence, while the husk and the

derived carbohydrate fractions were inhibitory to gas formation by Clostridium perfringens.

Addition of chick pea

husk (15%) to a fermentable substrate containing glucose, or chick pea endosperm resulted in complete inhibition of

gas production.
inhibitory due to the retardation of growth of the bacteria.
medium enhanced the gas formation.

Similarly the water, 70% ethanol, alkali and acid extracts of the husk from chick pea were also
Addition of manganese chloride and ferric chloride to the
This suggests that the inhibitory effect may be attributed to phytates and/or

phenolic acids present in the seed coat or to some other unknown factor.

Whole seeds are consumed in the case of certain
legumes but 1n the majority of cases split seeds (dhal)
are utilized. This is practised to improve palatability
and to reduce the cooking time. The husk does not
contribute much to nutrition but recent studies have
Indicated that dietary fibre, a constituent of husk plays
an |mr§)0rtant part in nutrition.1

.Many people are of the opinion that dhal produces
digestive discomfort while consumption of whole seed
reduces the heaviness of stomach and flatulence. It
was thought desirable to study this aspect and to com-
pare the Telative gas forming” and/or inhibiting ability
of whole and dehusked pulses.

Materials and Methods

Husk of the three legumes, chick pea (Cicer arigtinum),
cow pea (Vigna singnsis). and horse _tgrar_n (Dolichos
biflorus) was remaoved by mild heat conditioning followed
by abrasive mllllng. he whole grain, the “dehusked
rain Lgdhalz aﬂd the htusk WWere owder?d to 60-mesh,
arjous carbohydrate fractions Were isolated from the
husk and purified as detailed elsewnere23  Clostridium
perfringens of intestinal Orlﬁln was used Tor in vitro gas
production studies as per the procedure mentioned pre-

vigusly4 . .
Tlheyeffect of the isolates from the husk was determined
by Incorporating them at 0.5 per cent level into the
medium containing glucose or endosperm. I the next
efoenment, endosperm powder containing the husk at
ditferent levels (5-50 per cent) was used as Substrate and
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the gas pioduced after 24 hr of incubation was deter-
minéd. Similar studiies were carried out with agueous,
alcoholic, acid or alkali extracts of husk. These extracts
were obtained by reﬂuxmg the nusk with 20 times Its
weight of water_ 70 per cént ethanol or IN NaOH at
06°C for 2 hr. The extracts were neutralized, concent-
rated and Iyophilized. = .
_In order to stuay the inhibitory effect of the husk and
its fractions on gas production” through inhibition of
bacterial (T]rowth or change of metabolic Pathwags,
concentration of glycose in the basal medium w;
determined, both Defore and after Incubation by the
%Iucose_ oxidase methods.  Acidlity of the medium) was
etermined titrimetrically u_smg 0:05N NaOH and bro-
mothymol blue as the indicator. _ _
The effect of adding manganese chloride or ferric
chloride at a level of 10'mg/100 ml of the media contain-
Ing endosperm and husk was also studied.

Results and Discussion

In vitro studies usm9 Clostridium perfrln%ens showed
that neither the husks from chick pea, cow pea and horse
%ram nor the carb hezdrate isolates 'de”v\ﬁd from the
ere capable of Ingucing gas formation when compare
to the endosperm flours r% able 1). The gquantity of gas
produced when endosperm fractions of chick pea, cow pea
and_ horse gram were incorporated.into the. media were
17.0ml; 155 ml and 16,0 ml respectlveIK, while there was
no gas production with the husk or the derived carbo-
hydrate fractions. These husks may contain carbohy-
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Table 1. effect of addition of husk fraction on gas
PRODUCTION IN VITRO BY CLOSTRIDIUM PERFRINGENS

Gas formed (ml/4 ml broth) by

Medium Chick Horse Cow Glucose*
pea gram  pea

Endosperm 170 155 160 220
Husk or Isolated pectin, hemi- , , ,
cellulose A or B or cellulose ~ Nil ~ Nil  Nil Nil
Endosperm with husk or isolat-

ed pectin, hemicellulose A or B . ,

or cellulose Nil Nil+

Glucose+ husk or isolated pec-
tin, hemicellulose A or B or cel-

|ulose Nil
Endosperm-1- 5% husk 165
Endosperm + 10% husk 6.5
Endosperm +15 % husk Nil
Endosperm +30% husk Nil
Endosperm-£50% husk Nil

Endosperm+20% aqueous,
70% alcohol, alkali or acid
extract of husk Nil

Endosperm+ 20% husk+ MnCh 210
Endosperm+20% husk +FeClj 23.0
Whole chick pea flour 35

*Only glucose was added to medium
+Husk or its isolate fraction added to glucose medium.

drate fractions not assimilable by Clostridia and may
also be due to the presence of some inhibitory factors,
Chick pea husk and the carbohydrate fractions dlerived
from it were added separately to the basal media con-
t,ammg either glucose. or enddsperm substrate. Incuba-
tion 0 thefe m?d|a with the bacterial cultures produced
considerable volume of gas only in the case of controls
but not when husk or its fractions were added, This
confirmed the presence of an inhibitory factor hoth in
the husk and |solates from it.  Incorporation of seed
coat at more than 15 per cent level, Inhibited the gas
formation. Whole chick pea_ flour produced 3.5 ml
%as as compared to 17 ml with only the endosperm.
he husk constitutes 12 per cent of the whole chick
pea used in this study. Thus, the gas inhibition was only
artial with the whole chick pea. The I%/oghmze
aterial obtained by aqueous,. 70 per cent ethanol,
alkali and acid extraction of chick Rea husk flour also
Inhibited gas formatjon indicating that chick pea, husk
contains & soluble fraction which is very effective in
Inhibiting the gas formation.
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This inhibition could either occur by retardation of
the growth of the bacteria or by changing the metabolic
patiways of fermentation. Ta ascerfain this, hoth the
Inoculated control (“'glucose medium) as well as the same
containing 20 per cerit husk were inicubated and %Iucose
determination was carried out. Tt was found that the
organism ufilized 60 per cent of the qlucose In the
médium which did not contain the husk. “In the medium
containing either %Iucose or endosperm there was a de-
Crease In 3nH consequent to increase in acidity (equiva-
lent t0 3.3 and 2.8 ml, respectively of QCBN sodium hy-
droxide/4 ml broth), whereas the pH of the medium
containing the husk remained unalfered. These experi-
ments showed  that the inhibitory effect of the husk was
due to inhibition of the growth cf the bacteria and not
due to changg in the nietabolic pathway, as reported
In the case Of curcumine. _ _

Addition of manganese chloride or ferric chlorice to
chick pea endosperm medium produced consicierable
gnas even In the presence of 20 per cent husk mdmatmq

at the inhibition may be due to hinding of essentid
minerals in the medium b}/ the husk fractions and render-
ing them unavilable to the bacteria. Phytates, which
compete with bacteria for metallic ions, ‘may also be
the ‘cause for the Inhibitory effects shown by legume

j—7

Uk,

The results obtained with chick pea are contrary
to the report on cereal bran (wheat and oat). Hickey
et aP have shown that human intestinal gas produc-
tion increased when wheat bran was consuried. “Similar
results were obtained by Mayer and Calloway8 with
wheat bran and oat bran”  They suggested that at least
two nondigestible fermentable Components are present
In wheat bran.  Wheat bran contains about 6 per cent
total free sugars of which about half is oligosaccharides
such as raffinose, stachyose, verbascose and Necketose9
which are known to cause flatulence, It is also reportey
to contain cc-am)(lase Inhibitors, which are Rh(ysmlo_gl-
calﬂ]y active ang slow down the rate of starch di esU%n
n um?nsll Such stuclies have not been reported in the
case of legume husks. _
. Rackiset al?2 using an in vitro technique have shown
in soybean meal the presence of alcohol soluble growth
pronfoting and growth inhibiting factors. Some"of the
phenolic acids stich as syringic and ferulic acids present
In the soybean are effective gas inhibitors in vitro and in
Intestinal segments of dogs. “This %a_s inhibition is report-
ed to be dle to pacteriostatic action. Ferulic acid is
aﬁn reportegl to be present in the water-soluble hemi-
celluloses of rice bran.13 B

From this study, it is however difficult to conclude
about the exact riature of the inhibitory factor present
In the legume husks.  This inhibitory” factor may be
useful in preventing flatulence prevailing in legume Based
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Studies on the Growth of Pathogenic Bacteria at Different
Temperatures on Mutton ana Pork

_ L _ K. Gupta*, M_. S. Kalra and Ajit Singh
Department of Microbiology, Punjab Agricultural University, Ludhiana-141 004, India

Manuscript received 3 January 1983; revised 20 February 1984

The growth of Bacillus cereus, Staphylococcus aureus, Escherichia coli and Salmonella typhimurium on goat meat and
pork at 4-5, 20 and 37°C was studied by extract release volume (ERV) method. At 4-5°C there was no growth
in goat meat till 72 hr. At 20°C, B. cereus and S. aureus showed considerablegrowth in  goat meat within 48
hr,and E. coli and S. typhimurium within 36 hr. At 37°C, all the organisms showed sufficient growth within 20 hr
in goat meat. In pork, B. cereus and S. aureus showed growth in 40 hr, and E. coli and S. typhimurium in 20
hr.  With the decrease in ERV, there was corresponding increase in pH in bothgoat meat and pork.  Sodium
nitrite (0.02%) and sucrose (3%) inhibited the growth of B. cereus, S. aureus and E. coli in goat meat and pork
at 37°C upto 48 hr; however, S. typhimurium was not inhibited by sodium nitrite but was inhibited to a lesser degree
by sucrose. ~ Sodium chloride (2%) inhibited the growth of B. cereus and E. coli in goat meat and pork upto 48 hr.
S. aureus was not inhibited in goat meat while its inhibition was very limited in pork.

Meat a?d mﬁat grod Cts Qet contar"inated bg 3 Iarge the anjmals or throu?h meat-handlers. These pathogenic
numoer of pathogenic bacteria—Bacillus cereus|~, Sta-  bacteria also elaborate enterotoxin, which results in food
phylococcus aureus™-", ent_erogathogemc Escherichia coli7i -~ posioning. In India, mutton and pork are stored at 4-5°C
and Salmonella typhimurium&11 Source of contamination  0r at room temperatures varying from 20-40°C before
may be environment or implements used in slaughtering — consumption In raw or processed state.

*Present address: Department of Microbiology, Punjab University, Chandigarh.
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_Pathogenic bacteria can grow well in meat under
different"storage conditions. “Stored meats are generall
consumed within 3 days and therefore It Is jmpartant
to assess the microbial” spoilage by a method which is
ranid and at the same time"givés the correct status
of these pathogenic bacteria, Extract Release Volume213
Is the method adopted in this study,

Sodium chlorice, sodium nitrite and sucrose are
known to preserve meat ancl meat products by controlling
the_growth of pathogenic bacteria. _

Growth of B, cereus, S. aureus, E, coli and S. t¥ph|-
murium in mutton and pork, at different temperatlres
of storage and the effect of chemicals like sodium nitrite,
sodium “chloricle and sucrose in controlling them were
studied and the results reported here.

Materials and Methods

Micro-organisms:  Bacillus cereus B-/-L, Staphy-
lococcus. aweus . B-43-3, Escherichia coli B-36 and
Salmonella typhimurium B-35-1 were_procured from
Central Research Institute, Kasauli. Purity of the cul-
tures was tested by colony characteristics, Staining and
bigchemical tests, _

Procurement and handling of meat samples: ~ Samples
of goat and pork meat were obtained in sterile con-
tainers from the local meat shops.  Effort was made to
procure the samples from the same region of the animals
of same age group. The mutton andpork samples were
taken from the " thigh reg{on. Affer trimming the
adlipose tissue, the lean meat was surface sterilized with
alcohol. ~ The meat was minced in a sanitized meat
mincer and collected in sterile petri dlishes. _

Growth media; Mannltol-e(n; yolk-phenol red-plymyxin
agarl4 was used for culturi é B. cereus, Staphylococeus
medium-110%5for S. aureus, Brilliant green a%arJS for E
coli and Salmonella-Shigella 1at_%arJS for S. typRimurium,

Preparation of inoculum;  The inoculum Was prepared
R}[ rowing the organism in the nutrient broth for 18-24

_ % 31°C, centrl dgwg and washlng the sediment _tvv|?e
with sterile distilled water. - The su %nsmn_was finally
made In the sterile distilled water. The optical densi
of the_bacterial suspension was adjusted at 510 n
using Spectronic-20 (Bausch & Lomb; Rochester, N, Y.z
containing 2.4 106 tells in casg of B. cereus and abau

50 X105°cells in the case of S. aureus, E. coli and S.

typhimurium, _ _

Measurement of growth: Fifteen grams of minced
meat, taken In the sterile petri-cish, was inoculated with
1m| bacterial suspension and the samples were incubated
at 4-5, 20 and 37aC. The samples were taken out at
apPro riate intervals and analyzed for extract release
volume (ERV)1316. The pH of ERV filtrate was recorg-
ed. . In or,“r dl samples, the inoculum was replaced by
sterile distilled water.
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Effect of preservatives on bacterial ?rowth in meat:
Sodium nitrite 0.02 per cent, sodium chioride 2 per cent
and sucrose 3 per cent were added separately Into the
minced meat. The meat samples were then inoculated
with each test organism and incubated at 3/°C.  The
%amgllgsv were taken at different intervals and analysed
or ERV,

Results

Effect of temperature on ?rowth of or%anlsms in %oat
meat: _ The effect of temperature on the growth of B,
cereus in goat meat 1s shown in Table 1 There was no
growth of B. cereus at 4-5°C upto 72 hr. At 20°C there

Table 1. EFFECT OF TEMPERATURE ON THE GROWTH OF B. CEREUS
ANDLS. AUREUS IN GOAT MEAT

Tg@p Incubation Test Control
(¢ (h)  ERV(m) pH  ERV (ml) pH
B. cereus

45 0 39.0 6.00 39.0 6.00
2 420 6.00 39.0 6.20

18 38.0 6.10 38.0 6.05

7 38.0 6.10 38.0 6.05

20 0 41.0 5.95 43.0 5.90
2 430 6.00 42.0 6.05

36 38.0 6.30 39.0 6.25

48 25.0 6.50 36.0 6.35

72 5.0 7.60 12.0 6.90

37 0 43.0 6.15 44.0 6.05
8 40.0 6.10 44.0 6.10

2 38.0 6.20 39.0 6.25

20 20.0 6.70 28.0 6.40

2 15.0 6.95 24.0 6.75

26 8.0 750 18.0 6.85

S. aureus

4-5 0 39.0 6.00 39.0 6.00
24 41.0 6.20 39.0 6.20

48 38.0 6.15 38.0 6.05

7 38.0 6.15 38.0 6.05

20 0 42,0 5.90 43.0 5.90
24 43.0 6.05 420 6.05

36 39.0 6.30 39.0 6.25

48 35.0 6.45 36.0 6.35

7 6.0 7.40 13.0 6.90

37 0 44.0 6.10 44.0 6.05
8 44.0 6.30 44.0 6.10

12 38.0 6.35 39.0 6.25

20 220 6.50 28.0 6.40

24 18.0 6.80 24.0 6.75

26 6.0 745 18.0 6.85



GUPTA etal GROWTH of pathogenic bacteria on mutton and pork

was considerable rovvth of B. cereus in 48 hr. The pH
Increased from 5. 0. At 3r°C sufficient growth
of the orﬁanlsm was notlced within 20 hr. Similar trend
in growth was noted with, S, aureus. Sufficient growth
of E coli was observed within 20 hrat 3/°C and in 3
hr at 20°C; no growth was notlca u to 72hr at 45°C
(Table 2} Growth pattern of S, %) Imurium IgTabIe 2%
Was S|m| ar to that ofE coli which showed the fastes
growth In goat meat at 37aC as compared to other
organlsms here was always a corresponding increase
In"pH with the increase in ERV,

ffect of temﬁerature on growth of organisms in pork
meat:  Growth studies with pork meat at 37°C

Table 2. effect of temperature on the growth of e. coli

AND S. TYPHIMURIUM IN GOAT MEAT

Temp. Incubation Test Control
(°CSJ period ~ ERV pH ERV pH
(hr) (ml) (ml)

E. coli
45 0 39.0 6.20 385 6.10
24 39.0 6.10 41.0 6.05
48 43.0 6.10 41.0 6.10
2 42,0 6.10 40.0 6.15
20 0 40.0 6.00 41.0 6.05
2 41.0 6.10 410 6.15
18 16.0 7.15 36.0 6.30
2 120 7.65 20.0 6.65
31 0 42.0 6.15 420 6.15
8 42,0 6.20 410 6.15
12 41.0 6.25 42,0 6.15
2 130 730 34.0 6.55
2 110 7.60 28.0 6.50
26 50 7.85 20.0 6.90
S. typhimurium
4-5 0 39.0 6.00 39.0 6.10
24 41.0 6.10 41.0 6.05
48 42,0 6.05 40.0 6.10
7 40.0 6.10 39.0 6.10
20 0 41.0 6.05 41.0 6.05
2 42.0 6.10 41.0 6.15
36 20.0 6.70 38.0 6.20
18 7.0 750 36.0 6.30
2 — — 20.0 6.65
3 0 430 6.10 42,0 6.15
8 42,0 6.15 41.0 6.15
12 410 6.15 420 6.15
20 25.0 6.40 34.0 6.25
2 140 7.00 28.0 6.50
26 8.0 710 20.0 6.90
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Table 3. growth of different organisms in pork meat at 37°c

Incubation Test Control

Organism period RV pH ERV  pH
(nr) (ml) (ml)

S. cereus 0 470 550 470 550

24 445 585 460 590

2 05 620 420 5%

40 310 630 400  6.00

48 170 645 B0 620

S. aureus 0 470 550 470 550

24 460 580 460 58

32 00 615 420 5%

40 250 635 400  6.00

48 95 665 350 620

E. coli 0 470 550 475 555

8 450 560 460 565

2 70 620 250 6.10

24 50 630 200  6.15

S. typhimurium 0 470 550 475 555

8 460 565 460 565

2 130 615 250 615

24 70 625 200 615

mli) 1n the shortest time (20 hr), followed by

typhimurium EERV 130 m] at 20 hr), while B. cerets

took 40 hr and S. aureus 32 hr. The Halso increased
considerably.

Effect of preservatlve on growth of organisms in goat
meat: In goat meat, growth of B, cereus; S. aureus'and
E. coli was jnhibited i 48 hr at 37°C. when 0.02 percent
sodium nitrite was used as indlicated by ERV and pH,
whereas sufficient growth was observed within 24 hr in
the control (Table™4). . Sodium nitrite did not inhibit
the grovvth of S. typhimurium till 48 hr, whereas some
InhiBition was noticed in 48 hr.

At 37°C the %rovvth of B. cereus and E. coli in goat
meat was inhibited b r¥ 2 per cent sodium chloride Upto

aureus was ot inhibited wh|Ie there was slight
|n | |t|on of . tg phimurium in 24 hr. But there wasno
eect of 2 ercnt sod|um chlonde on the growth of

S. aureus an tgg Imurium at 48

“Sucrose at3 er cent concentrat|on |nh|b|tedB Cereus
S. aureus and E.. coli upto 43 hr. But the pH decreased
from 580 51 in 24 hr and to 4.3 in 48 hr in case of
B. cereus, from 5.8 t0 4.8 48 hr in 5. aureus, from 58

t0 53148 hr in E coI| There was,no change pH In
24 hr by these organisms. - Sucrose did not innibit _the
growth "of S. typhimurium in goat meat at 3/°C. The

Table 3)0|nd|cate that E. coli showed maximum growth
ERV 7
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Table 4. EFFECT OF VARIOUS PRESERVATIVES ON THE GROWTH OF DIFFERENT ORGANISVS IN GOAT MEAT AT 37°¢

0 hr 24 hr 48 hr
Preservative Level Organism ERV pH ERV pH ERV pH
(%) (m) ) (ml)

Contiol — B. cereus 43.0 6.10 150 7.00 — —
S. aureus 440 6.15 170 6.90 — —

E. coli 430 6.10 130 755 — -

S. typhimurium 44.0 6.20 120 7.30 — —

Sodium nitrite 0.02 B. cereus 43.0 6.10 435 6.10 43.0 6.20
B. aureus 445 6.10 440 6.10 44.5 6.10

E. coli 435 6.15 430 6.10 420 6.15

S. typhimurium 43.0 6.15 220 1.05 — —

Sodium chloride 2.0 B. cereus 43.0 6.05 430 585 44.0 6.05
S. aureus 44,0 6.00 20.0 6.70 — —

E. coli 430 6.00 44.0 595 420 6.15

S. typhimurium 435 6.00 20.0 6.95 — —

Sucrose 30 B. cereus 44,0 5.80 435 515 40.0 4.30
S. aureus 430 580 43.0 5.80 435 4.80

E. coli 44.0 585 430 590 43.0 530

S. typhimurium 43.0 5.90 430 585 120 6.60

pH increased from 59 at 0 hr t0 66 in 48 hr inthe growth of 8. cereus, s. aureus and E. coli upto 48 hr in
presence of 3 per cent sucrose. pork meat at 37°C as there was no change in ERV

Effect ot preservatives on growth ot organisms.in pork —and pH (Table 5). But 0.02 per cent sodiun nitrite did
meat:  Sodium nitrite (0.(3;2 per centf Inhibited the  not inhibit the growth of S. typhimurium as the reduction

Table 5. effect of various preservatives on THE GROWTH OF DIFFERENT ORGANISMVS IN PORK MFAT AT 37°%

0 hr 24 hr 48 hr
Preservative Level Organism R pH R pH R pH
b i ) (i

Control — B. cereus 48.0 5.65 450 5.90 20.0 6.35
S. aureus 48.0 5.65 470 5.15 10.0 6.60

E. coli 48.0 550 470 570 7.0 6.35

S. typhimuriun. 48.0 5.60 485 575 10.0 6.15

Sodium nitrite 0.02 B. cereus 475 5.65 470 5.85 45,0 570
S. aureus 48.0 5.60 450 5.65 450 5.70

E. coli 475 5.60 470 5.65 470 5.75

S. typhimurium 475 555 48.0 5.60 150 6.00

Sodium chloride 2.0 B. cereus 48.0 5.65 485 5.80 470 5.90
S. aureus 475 5.6 46.0 5.70 22.0 6.50

E. coli 485 555 485 5.65 46.0 5.75

Sucrose 3.0 B. cereus 47.0 555 47,0 5.30 42,0 5.10
S. aureus 475 5.65 465 5.40 47,0 5.20

E. coli 48.0 5.60 470 5.60 470 515

S. typhimurium 48.0 5.60 48.0 5.60 30.0 590
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in ERV at 48 hr was almost the same as that of control

samples.
So%lum chloride (2 Rer cent) inhibited the quMh of
B. cereus and E. colrwhile S, aureus and S. typhimurium
were inhibited to a lesser degree in 48 hr.” This was
{;Sﬁ%%?d by less decrease in ERV than that of

B. cereus, S. aureus and E. coli were inhibited by 3
per cent sucrose In pork meat. The pH also decreaded
In these cases in 43 hr. S, tyghmunum was Inhibited
0] 43 hvery limited extent ‘and pH also increased
In 48 hr,

Discussion

The reduction in ERV may not be due only to the Iarﬁe
number of bacteria per se but may also ke due to the
activity of the ba(iterlal proteases. At 4-5°C, the enzyme
activity may be lowZ?, _

The substrate on which the or%anlsm was grown also
played an Important role for enzyme production. It
wa found that pork was slightly more favourable for
the growth of various organisms than the nggat meat as
was~ revealed by larger” reduction. in_ ERV by the
organisms in pork. The decrease in ERV in control
samples occurred possibly qlue to the growth of these
micro-organisms which survived alcohol” sterilization or
which were introduced subsequently throuqh handling.
This inhibitory effect of nitrite was due o the undisso-
ciated nitrous acidl8_ The greater inhibition of B,
cereys, S, aureus and E. coli a5 compared to that of S,
%ohlmu_rlum by sodium nitrite in goat and i)Ofk meat at

°C might be’ due to the fact that Salmonella was more
resistant’to nitriteld But S. typhimurium was inhibited
less in goat meat than in pork.” This was basmallg due
to the figher pH of the qoa_t meat as compared t0 that
of park, and the effect of nitrife was more under acidic
conditions02L  Staphylocacei has been reported to
grow faster on nifrite-free frankfurters2

No Inhibition In the growth of S, aureus upto
4 hr in goat meat and” to a sufficient extent in

ork was de to {ge fact thtat tgus or alnls_ré]s Wlas kkr)l_%yvn
0. grow even in. 10 per cent sodium chloride. Inhibitio
of g.S IY%lmurlump%y sodium chloride to aq|m|teg
extent i both goat meaf and pork was due to the
decreased water activity (a,). With the decreased aV,
the Ia? phase of the organlsms was increased and the
rate 0 _?rovvth decreased

Inhibi orsy effect of 3 per cent, sucrose on the growth
of B. cereus, S. aureus and E. coli in goat meat andl pork
might be due to the decrease in PH caused by the
fermentation products of sucrose (‘mainly acids). At
this decreased pH, the or?amsms might have not been
able_to grow_and multi Wully. e growth of S,
typhimurium in goat meat and’ pork wi

2

not much
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inhibited by 3 per cent sucrose because there was no
decrease. in” pH as sucrose was not fermented, by S.
phimurium.. The minor decrease in growth might be
Ue to the. increased osmotic pressure and decreased
water activity produced by the addition of suicrose.
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A method has been developed for the determination of quinine in soft drinks based on the extraction of the 1:2
complex formed between quinine and alizarin brilliant violet R into chloroform at pH 1.0  The bluish violet complex

in chloroform showed maximum absorbance at 578 nm.

Beer’s law is obeyed over a concentration range of 1.0 to

16 and the percentage recovery in soft drinks ranged from 98.6 to 100.2 with a standard deviation of ;0.35.
The method is sensitive and can be applied in the presence of other food additives.

Quinine r((32_0H24N20 2. mol. wt. 324.41), an important
alkaloid of Cinchona officianalis L. is permitted in soft
drinks such as synthetic ready-to-serve beverages and
tonic waters. ~ Since excessive use of c‘uln_lne ma

cause some allergic reactions, a maximum limit of 1

ppm- (expressed as quinine sulphate) has been laid
down “under the provisions of Prevention of Food
Adulteration Act, 1954, and Rules 1955 thereofl for
Its use In soft drinks.  Several spectro?_hoto_metrlc
proceaures are described for its determination in Soft
drinks and medicinals 16 The spectrophotometric
methods developed so far are either not very sensitive
or ha\un? Interferences from other additives, which has
necessitated a search for an alternative method.

. A sensitive ectroPhot_ometnc method 15 described
in this paper Dy extracting the, 1:2 complex Tormed
between quinine and alizarin brilliant violet R (ABV R),
C.J. No. 60730, an amino anthraguinone eye, into
chloroform at pH 10. The method cleveloped oes not
suffer from the disagvantages mentioned above and can
be used for determination” of microgram quantities of
quinine.

Materials and Method

Instrumentation: Spectral and absorbance measure-
ments are carried out _us_ln? Perkin Elmer, Coleman 57
model double beam digital spectrophotometer. Toshni-
wal pH meter was used for making pH measurements.

Reagents:  Quining sulphate solytion (1 m /mll)_ Was
%repared from %ulmne sulphate gG.R. rade; Loba-
hemie, Wien Fischamend, Austranal-Praparate) in
0.IN sulphuric aied. The stock solution S0 prepared
was diluted to give a working standard solution of 40
ugml of quinine. A Ix10-2M solution of ABV R
WIls Chroma-Gessliscaft. ~ Stuttgart) was prepared. in
distilled water. pH 10 buffer was prepared by addin
97.0 ml of L.ON hydrochloric acid'to 50 ml of 10
Potassmm chloride and made upto one litre. All other
eagents used were of AR. grade.
reparation of standard curve: To a 3) ml buffer
solution 1n_a 100 ml clean separating fupnel were
added an allguot of quining solution ranging from 10 to
00 g and 5 ml of dye solution. The total volume was
adjusted to 50 ml with distilled water and extracted with
10'ml of chloroform. The ahsorbance was measured at
578 nm against reagent blank after drying the chloro-
form layér over anhydrous sodium Sulphate.  The
aPsorbance against the concentration of quinine were

plotted to gef standard curve.

Determination In soft drinks by Method A: An
aliquot of 50 ml of the soft drink sdlution was taken in
a separating funnel. Ten ml of 10 per cent_ sodium
hgdromde solution was agded and extracted with three
30 ml portions of chloroform. The combined chloro-
form extract was shaken with three 30 ml portions
of 10 N sulphuric acid solution. The combined sul-
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phuric acigl extract was transferred quantitatively to a
100 ml volumetric flask and made upto volume. “An
aliquot of this solution (1 to 5 ml) was taken and the
roceclure glven under preparation of standard curve
a[s) 1t‘0IIoW ? for Its (%Itetedmw(]an%n. Vethod B
Determination in soft drinks by Me - A
allguot ra to 5m|5 ofS the so étln%_was ta&_en directly

and the procedure for its determination as given under
preparation of standard curve was followed.

Results and Discussion

The absorption maximum of the bluish violet coloured
complex in chlorgform was found to be at 5/8 nm and
the Qptimum pH for the extraction was found to be 10,
A minimum of 9 fold molar excess of the dye was foun
required for the maximum extraction of the comﬁ)lex.
Amonq the solvents like CHCLs, CH.Cl., CCl4 n-
butanol and methyl isobutyl ketone tried for extraction,
CHCI. and CH_.ClI, were found to be useful for the maxi-
mum extraction of the complex, CHClL: was Preferred
to CH.CL.due to its low volatality. The ratio of the ion-

air association complex was determined according to
he slope analysis method?? and was found to be’. ..
for quining: dye. Under the experimental conditions
Beer’s law wag"obeyed over a concentration range of 10
to 16 qg/ml of quining. The molar extinction coefficient
and Sandell’s sensitivity were found to be 2.10620.065
XIO.. moles/1 and 0.015 ugfem. respectwelg. The com-
plex in chloroform was folind stable over 24 fr.

To check the recovery of quinine by the i)roposed
method, quinine was added to soft drink samples at ..,

Table 1. recovery of quinine from soft drinks

Type of  Quinine Recovery* (%)
soft drink  added  Method A Method B Fluorimetric
fopom) MeantS.D. MeantS.D.  method
Orange 20 98.6£0.42  98.9+0.35 9840
flavoured 50 99.02h0.39  99.240.22  98.80
100 99.7¢0.39  99.8:0.18  99.80
Lime flavoured 20  100.1£0.41 100.2¢0.41  99.65
50 99.4--0.39  998:0.36  100.20
100 98.9+0.32  99.21¢0.24  99.00
Cola type() 20 10024041 10412012  99.60
50 99.3+0.32 102.7+0.75  99.10
100 99.4£0.32 ' 101.520054  98.90
Cola type(ll) 20 99,74022 10382:091  99.40
50 98.8£0.35 1023+0.64 10045
100 99A £ 027 1015:0.39 9870

{ Values are mean of 4 analyses
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50 and 100 ppm levels and analysed by methods A and
B. The recoveries ranged front 98.6 to 100.2 per cent
BymethodAand_from 8.9 to 104.1 per cent by method

g_ able 1) which are comparable with the values
Oﬂgntﬂg%l& by fluorimetric method after extraction of
X The other. ayes of the same class like alizarin brilliant
blue and alizdrin varidin were alsq tried, but were not
found satisfactoty for determination in micro levels.
The normally present food additives in soft _drinks
such as sugar’, citric acid, phosphoric acid, benzoic acid
saccharin, dulcin, caramel and food colours were found
not to Interfere even I they were present in .o, fold
molar excess to quinine.  Caffeine, strychnine and nico-
tine showed no Interference upto twa fold excess, but
large excess of their presence resulted in a Posmve error.
The interference due to, caffeing,_normally present in
cola ge beverages r_angm%_fr_om 70 to 140'ppm can be
avoided by . extracting”_quining. info sulphuric acid
solution ledving caffeing in organic phase during extrac-
tion (method A?. The higher récovery ranging from 1015
to 104.1 per cent in the direct estimation (‘imethod B)f
In cola type beverages may be due to the Presence_o
caffeine 1 varying”amounts.  However, for routing
analysis, direct estimation from the beverage (method B)
can e followed as a rapid method. .

The proposed method is more rapid and sensitive
among the spectrophotometric methods available and
can be used for the determination of quining in Soft
drinks such as aerated waters, cola type beverages and
tonic waters,
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Glycolipids (0.25 and 0.26%) and phospholipids (0.10 and 0.11%) were isolated from the total lipids of two varieties
(TndafI” and ‘Hamsa’) of finger millet seeds (Eleusine coracana). ~ Two glyceroglycolipids and four glycerophosphatides
were further isolated from the glycolipids and phospholipids by column and preparative thin-layer chromatography. Mono-
galactosyl diglyceride (MGDG) and digalactosyl diglyceride (DGDG) were the major glycolipids whereas, phosphatidyl
chloine (PC) and phosphatidyl ethanolamine (PE) were the major glycerophosphatides, comprising 57.0 and 60.7 mole
% of the total phospholipids in Tndaf 1" and 18.9 and 16.9% in ‘Hamsa’.  Oleic, linoleic and palmitic acids total-
led 94-97% in all compounds though the proportions varied.  The MGDG and DGDG from Tndaf" contained more
palmitic acid (30.4 and 29.4%) than did those from ‘Hamsa’ (25.6 and 24.8%).  The ratio of unsaturated to Satu-
rated fatty acids was also different in the various phosphatides present in these varieties (Tndaf’ 2.6-2.8, ‘Hamsa’
1.7-1.9). The sugar component of MGDG and DGDG was identified as D-galactose.

Glycerogtl))écolj ids  ang gl cerophosphatices  are
knovin to e wi el?/ distributed, in the plant_Kingdom.
The unique chemical composition of various™ lipid

classes from many cereals such as wheatl2, rice34,

arl millet5, Italian millet6 and other plant sources
1as been reported. In all, more than a dozen different
lipid classes, each containing Several magor fatty acid
constituents are now known.” The present paper descri-
Present address: “Department of Biochemistry, Mysore Medical College, Mysore.
*“Person to whom the enquiries should be sent.
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bes the |soIat|on and characterization of glyceroglyco-
lipids and glycerophosphatides from finger millet Séeds
an ‘Imporfant food material i several regions of
India.

Materials and Methods

Two varieties of seeds of finger millet (Tndaf I,
brown; ‘Hamsa’, white of 1976 cropg were obtained from
the University of Agncultural Science, Hebbal Indra
Reagents and’ chemitals used were of analytical grade.
Standard fatty acid methyl esters and standard glycero
[)Josp hatides “were. obtained from Srgma Chernicals,

SA. silicic acid_from the VP, Chest Institute, New
Delhy, silica %el G from SM, Chemrcals Baroda and
Trisil” reagent from Pierce Chemical C

Extraction and fractionation of Irprds MI llet seeds
were finely ground in a mill and extracted three times
with chloroform: methanol (21 viv). Followrng solvent
removal in a rotary flash v gorator under_nitrogen,
the lipiols were passéd through a Sephadex G-25 coltmn
to remove non-lipid contamrnant38 The Irprds \vere
further resolved into neutral lipids, glycolipids and phos-

orﬁ)r ds by srlrcrc acid cqumn chromatographyd. The

glycolipid s and hosp olipids recovered In the eluate
accounted for 10 and 12 per cent and 5 and 6 per cent
respectrvely, of the total eluted lipids of Tndaf" and

Hamsa'19

Isolation of glycercglycolipids (MGDG and DGDG):
The crude glycolrord fraction was subjected to separation
on silicic dcid column usrnrlr chloroform: acetone mix-
tures, 2 v/v) mixture, eluted monogalactosy|
di cherrde (MGDG), and a g/v% mixture elutéd
draalactos | dig cerrde (DGDG} oth being contami-
nated with small percentages of sterol glycosides and
cerebrosides1l Each of thiese fractions was repeated|
chromatographed on_ silicic acid to reduce the exteri
of contamination. Final purification was done on pre-
parative thin layer plates developed with chloroform:
methanol 95:12" (vv).

Islation of glycefophosphatides: The crude phos-
pholipid Iractron obtarned in the methanol eluate from
silicic acrd colu romato ragrw Was separated o
TLC plates. | nt| |cat|on o class was t rou
Rf-values, specrfrc colour reagents and reference stan
dards. These were further quantrtated on preparative
one mm thin ayer plates usrng chloroform: m thanol
water (65:25:4V % The plates atterdn(J \9weres prayed
with Rhodamine 6G, vrsualrsed under UV ang portions
containing different compounds scraped off.  Each
fraction Was extracted Wrth chIoroform methanol
formic acid: water (94:9 2 The amount of
each class was deter med by ﬁho phorus ana SISL2

Infrared spectrophotometry: ~ Infrared spectral charac-
teristics of the |soIated glyceroglycolrprds (MGDG and
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DGDG) were obtained as a KBr pellet on a Hilger

Wiatts I)nfra rap h
%){cero(glycohprds and B IEycer Gohos

De radatron o
phatides: Isolated
Pl (5-10'my each) was refluxed W|th45m| of 5 per cent
methanolic HCL in a hydrolysis flask with a srde armfor
r. Water (0.5 I% Wwas added and fatty methyl esters
were extracted 3-4 times with 5 ml portions of light
petroleum concentrated under nitrogen and stored at
20°C until analysed.  The methanol-Water phase from
MGDG DGDG, PC and PE was concentrated in a
stream of nitrogen at 45°C almost to dryness.
E)Z ml of 1.ON) was adaed and the solution refluxed on a
oiling water bath for 2 hr. The hydrolysate was passed
through a column of Amberlite 1R*4 B {OH-) to remove

chlorige ons.

Paper chromatography: Methyl glycosides obtained
frompM GDG and %(EDVG were s)t/rb‘qec/ted to descending
R ger chromatogr hy on \Nhatman filter Raper usin

tanol: pyridine: “water 6:4:3 for 18 hr at roo
rrmera ure.” Spots were located with silver nitrate-
ydroxide reagent.

Choling and ethano amrne obtarned from PC and PE
were chromatogra?hed by developing with henoI satur-
ated with wateF: ethanol: acetic acid™50:5:6,  The Spots
were [ocated with ninhydrin and Dragendortf Sreagentl3

Gas chromatography: _Fatty acid"methyl esters from
MGDG, DGDG, PC, PE, PG and PI were anallxsed 403

as_chromatography using a Varian Aerograp

D, carrier 9as fitrogen, 8 ftx U8 in. column with
5 per cent (wiw) DEGS polyester on Chromosorb W,
1854C].  For resolution as trimethylsilyl ether derrvatr
ves14 0f the methyl glycosices from GandDGDG
an SE-30 colum [% er cent wiw on Chromosorb, W
230°C] was employed. Unknown Upeaks were |dentified
by comparrson WI h standards. Unsaturated fatty acid
met yl esters were confiymed when, occasion demanded
hl romrnatron and subsequent disappearance on gas
chromatograms.

Results and Discussion

Glyceroglycolipids: ~ The two glyceroglycolipids (MG-
)and Bé CE isolated fromgt¥rvo vgtr¥et|esp of hnger
m|| et seeds each %ave a srngle spot corresEondrng t0
reference compounds. IR spectra were likewiSe in agree-
ment with Ir])ublrshed characterrstrcsla su?gestrn that
the compounds were pure I%gco IE raction from
silicic_acid column ‘which |nc terol containing
glycolrﬁrds showed MGDG and DGDG as the_major
omponents. ~ These glyceroglycolipids have likewise
been re orted to occur in other cereals such as wheat
rice and bajra though in varying proportions, In pearl
millet5 and’ wheatl2 DGDG has been reported as the
Mmajor Specie.
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Table 1 fatty acid composition of individual glycero-
GLYCOLIPIDS (% WT.)
MGDG DGDG
Fatty acid
‘Indaf I’ ‘Hamsa’ ‘Indaf I’ ‘Hamsa’
12:0 1.0 0.8 14 1.0
14:0 1.0 1.0 0.8 12
16:0 30.4 25.6 29.4 248
18:0 0.8 0.6 0.6 0.8
18:1 56.9 58.7 60.7 59.6
18:2 85 112 6.3 110
18:3 14 21 0.8 16
Unsat/sat. acid ratio  2.03 257 211 2.60
lodine value
(calculated) 70.5 78.6 68.3 78.0

Table Lshows that MGDG and DGDG from ‘Indaf I’
were_considerably less unsaturated than_those from
Hamsa’. This Is"evident from the ratio of ynsaturated
to saturated fatty acics and the caIcuIated |od|ne values.

In both compall éi nalmitic, oleic and [inoleic acéi

togiether comprised 94-97 per cent of the total fatty acic,

the relative pro ortrons va mg Accordrng to the

eviewed recent Harwoodlg the

G and DGDG, fractions from some. of the plant

sources are enriched with linoleic constituting 40-90

per cent of the total. The above comp ounds 0 tarned
In the present investi atron contarn Bre dominantly

Imrtrca dandoerc cid which ma eex ected to

ect In the fatty acid composrtron o ycen e
precursor Both MGDG and D rom n daf I’
contain about 5 per cent more palmrtrc acid than that of
‘Hamsa’, with_only small differences in the proportions
of gleic acid. The percentage of linoleic acid In MGDG
and DGDG from ‘Indaf’ was 3 per cent less than that
I ‘Hamsa’.  Such vanetal dissimilarity In the atty acid
drstnbutri)n pattern of the same lipid Classes is evident

rom earlier reports/.

Paper chromatograms of the methyl Og cosides obtarn-
ed from MGDG and DGDG |nd|cae that D galactose
Is the major sugar component in both. Gas ¢ romatogra
Phrc resolutron of the trimethylsilyl ether derivatives of

hese methy N ycosrdes ieloed three peaks correspondrng
to 7-, /3 and™<-galactose, conf |rm|ng galactose as th
component sugar motety.  An additional small hump
which appeared on the gas chromatograms in both in-
stances, corresponding o *<-and 3-glucose comprised
only 1-2 per cent. From these results, and the available
literature data?, the molecular species in the two glycero-

ear er I'EpOf'[S
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TaH.E 2. COMPOSITION OF PHOSPHOLIPID FRACTION FROM FINGER
MILLET SEEDS

Mole %
‘Indaf’ ‘Hamsa’
Phosphatidic acid 2.0 2.2
Phosphatidyl glycerol 8.0 75
Phosphatidyl ethanolamine 189 169
Phosphatidyl choline 571.0 60.7
Phosphatidy! inositol 9.8 7.0
Un-recovered 43 51

glycohPrds have been deduced to be 3-0-3-D-galactop hl
ranosyl-Sn 12d|ac }{cero where acyl representste
tvvomaor atty acios palmitic and oleic, and 3-0-- <-D-
galactoif)yranosyl (1-6")-0-£-D-galactopyranosyl]” -Sn-1,
diacyl-glycerdl where acyl again répresents mostly
paImr Icand oleic acids.
Glycerophosphaticles:  The various %ycerophospha
trdes 0N fre and anntr fied by phosphorus val ue are
shown in Table 2 emaor hos hatrdes in ‘Indaf’
and ‘Hamsa’ varieties are P w Ich constitute
57 and 6 OY?er cent mole and 89 per cent
mole respectrv P%of the total phospholrprds No lyso-
com ounds of PC and PE were detected in the phospho-
Ppr fraction of hrs millet. Likewise in wheat and bajra,
an PE have been reported as principal phospha-
The fatty acid distribution pattern in the total phos-
pholipids and its various, phosphatide constitutents is
shown in Table 3, . Palmitic acid randes from 25.8 t
5 per cent and i$ often the only sa urated fatt acid
in all phosphatides, infrequently accom anre races
of Iaunc mynstrc and stearic acrd erc an Inoleic
aret e Iﬁ)re dominant unsaturated atty al sconstrtutrn%
r cent and 195 and 26.5 per cent res-
pectrveI}/ L|n lenic acid only accounted for about 1
r cent of the total fatty acids. These results are in
a reement with the earlier reportsle The ratio of un-
turated to saturated fatty cid 1S strikingly different
|n the two vanetres of the same millet, and this difference
runsthrougha the phos yho Ipig cIasses Thus the ratio
IS between 2,56 and 2.8 or all the five phosphatides
Present in ‘Indaf F, while for the Hamsa variety the
atio lies between 167 and 192, This would strongly
suggest that a common fatty acid pool is drawn upon’in
assembly of these phospholipids.
The isolated and purified tngl cericles of ‘Indaf I’
showed a ratio of unsaturated: ‘saturated acids of 2.8
similar to that in the various phosphohprd classes. In
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Table 3. fatty’ acid composition of i

Total phospholipids Pnosphatidyl glycerol

Tndaf" ‘Hamsa’ Tndaf’ ‘Hamsa’

12:0 Tr. Tr. 0.6 08
14:0 Tr. Tr. 0.8 0.8
16:0 26.6 315 26.0 320
18:0 Tr. Tr. 0.7 1.0
18:1 46.0 412 46.4 430
18 :2 263 20.5 245 21.0
18 :3 11 0.8 1.0 14

Unsat./sat. acids 2.76 167 2.56 189
lodine value (cal) 921 96.5 89.0 91.1

*Tr: Trace<0.5%

—_

‘Hamsa’ however the ratjo for triglycerides was 3.1,
considerably greater than that (1.67-1.92) for the various

phospholipids.
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Physico-chemical properties of one crack resistant variety and 3 pairs of isogenic lines differing in crack resistant properties were
studied. It was found that crack resistance was associated with lower equilibrium moisture content on soaking in water
and alkali score while gelatinization temperature, pentosan content and Brabender peak viscosity of milled rice were higher.
It is also indicated that higher pentosan content in crack resistant lines may alter the cell wall properties and cause higher
resistance to cleavage.  Existence of a wide variation in the crack resistant property among the individuals of the
original population ensured success in the intravarietal selection. ~ Such wider variation was found to be associated with
higher heteorogeneity among the grains to alkali degradation and could be initially identified by an alkali degradation
test (Heterogeneity test). The factors contributing to crack resistance can be broadly grouped into four, namely, (i)
hydration, (ii) starch, (iii) cell wall, and (iv) cellular structure and orientation.

The influence of grain cracking on milling breakage
was reported by Rhindlangd Angladette2. Latér, Srinivas  Table 1 the relationship of SELECTON INDEX WITH ALKAL
et al.I-6 showed that varieties with high tolerance to  SOORE IN DIFFERENT VARIETIES AND ISOGENIC LINES OF RICE

cracking suffered minimum breakage during milling, T :
and such varieties were more suitable Yor late ﬁarvesﬂn% Varity Description Selection indices - Alkal
They also reported that intravarietal selection for cra]
resistance could be made In varieties in. which the varl-  Jaya Dwarf indica 5t 3l 26 7
y

ation In crack resistance among the individuals was  Mangala B 10l 18 3
arge. .. Pusa-150 i 2t0 15 13 4

gtudles have shown that the structure and orientation  Halubbulu  Tail indica 0to 2 7 2
of endosPerm_ cells influence the characteristic transverse  ntan Introduction
crack formation/, Kunze and Hall3 have shown that from Indonesia  5to 18 13 2
low cracking wag related to high gelatinization tempe-  Pushpa Dwarf indica  18t0 55 31 2&7
rature(GT). “Inrice, the GT was known to vary inversely - vani 2 2050 48 2&7
with alkal] score9 and alkali score bearing an inverse Es 1 a 3066 B 2&T
relation with pentosan contentld Nagato and Konoll FT 1 CR line from — - 2
have shown that rices with high GT have a harder en- Pushpa
dosperm. o _ FT 2 CS line from — — 7

racking in rice grain js thus influenced by a Iarge Pushpa )

number of factors. “Results .of the evaluation” of these FT 12 (R line from — —
factors are presented In this paper. A SR Jite oo )
Materials and Methods S u e

The varieties used in the stuclies are listed in. Table 1 Vani
Samples were collected from the field as described ear-  rr 7 CS line from ) ) 7
lierSA The degree of crack resistance was measured b Vani
an Index methodo, in which the values were compute

*V.C. Farm, University of Agricultural Sciences, Mandya.

Part of this paper was presented in the Poster Session of Second Indian Convention of Food Scientists and Technologists, held at
CFTRI, Mysore (India), in February 1981,
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as the arithmetic mean of the percentages of sun-gracked,
stress-cracked and green_%ams. . For studying the
association of breakage with cracking, paddy was har-
vested at about 18 percent average grain moisture. For
other studlies, harvesting was made prior to formation
of cracks in the grain which generally coincided with 24
per cent average™grain moisture. _ _
‘Evaluation of morphological and physical characteri-
stics: _ The percentages of sun-cracked and stress-Grack-
ed ?ralns were estimated as per the method of Srinivas
etal.4 Shelling and nulling of paddy were done by
McGil| laboratory sheller ant miller respectively. Paddy
(160 g) in duplicate were shelled and the brokens were
separated in a ?rader and the percentage of shelling
br_eakag%e was calculated. The brown rice’ samples were
milled To 10 per cent degree of polish. =
Measurement of husk thickness was made in a Mity-
toyo Dial Caliper, length gL),_breadth (B? and L/B
ratio 0f brown rice werg determined as per the method
described earlierl2 . N
Evaluation of physico-chemical characteristics; Ten
rept)llcat_e samples of whole milled rice were prepaied for
determining the EMC-S per cent?2 and cooking timel4
For estimating EMC-S per cent, rice samples were soaked
Inwater at 30°C. After 24 hr, water was drained out and
the grains were freed of adhering moisture by filter
paper (Whatman No. 1) and weighed. The increase in
weight was calculated and expressed as EMC-S per cent
on Wet basis. Data on EMC-S per cent and cooking
time were analysed statistically using Duncon’s multiple
test for comparison.  Alkali degra ation of milled rice
was scored as per the method of Bhattacharya and
Sowbhagyals,  Gelatinization temperature (GT), peak
viscosity (PV) and set-back value (SBV) were detérmined
in a Brabender Yiscoamylographle. For this, a 10 Eg)er
cent slurry_ prepared from a flour of 80 mesh of BSS
grade obtained from the milled rice was used.
_For determining_the total amylose content in milled
rice, the colorimetric method of Sowbhagya and Bhatta-
charyal/ was adopted. Defatted milled rice (100 m
flour’ of 45 mesh of BSS grade was treated with |
NaOH at 30°C for about 12 hr.  The dispersion was
neutralised with acid and treated with 0.2 per cent
potasium lodide and iodine solution.  Spekol spectro
colorimeter at 630 nm was used for measuring the colour.
A standard curve, prepared from lodine tréated potato
amylose solution, was used for calculating the amylose
content in the rice samRIes (dry basis).
Insoluble amylose content 17 milled rice was deter-
mined as per the method of Bhattacharya et al.18
Defatted milled rice flour (100 m?) of 45 miesh of BSS
8rade was hotled with distilled water (50 ml) for 20 min
ver awater bath. . The suspension was filtered through
Whatman No. 4 filter paper and the soluble amylose

3

213

present in the filtrate was estimated as above and the
Insoluble amylose fraction was calculated by difference

dry basis).

( %r the determination of alkalj soluble_pentosans in
milled rice, the colorimetric method of Crackrell and
Moye19 was followed with a little modification. Defat-
ted milled rice flour (2 g? of 45 mesh of BSS grade was
treated with 14 per Cent KOH solution (20 ml)
in a 50 ml stoppered volumetric flask. After 20 hr, the
volume was made up with distilled water and centrifuged
for 15 min at 2500 rom. The Supernatant was transferred
to 50 ml heaker, 0.4 ml of this supernatant was taken
In a test tube and 5 ml of the reaction mixture (110 ml
AR grade acetic acid + 1ml 0.8 per cent D gilu_cose+2
ml tone. FICL+5 ml 20 per cent p_hloroH_uun_oI in
absolute ethyl alcoholz) was added to'it. This mixture
was boiled in a water bath for 16 min and cooled. The
colour was measured at 552 and 510 nm in a Spekol
spectro colorimeter, _

A blank was run by usm% 0.4 ml water-f5 ml reaction
mixture and boiling“for 16 min over a water bath,

A standard curvé was Iprepared from D (+) Xylose
by following the above procedure.

The difference in absorbance of samples at 552 and
510 nm was calculated and the pentosan content in the
samples was estimated with the help of the standard
curve (dry basis). _ _

Bulk volume and consistency of cooked riceX) were
estimated as per the standard laboratory method, Pro-
tein content In brown rice was estimated by Kjeldahl
method (N'X5.95).

Results and Discussion

Establishment of isogenic lines: The versatility .of
the 1Sogenic lines (1.¢., lines of the same variety differing
In a single character) as tools in the critical investigations
and improvement of the plant characters has been indi-
cated Dy several workers2L 2. Srinivas et a],5A 2i have
shown that such isogenic lines could be utilised for the
precise stuay of a smﬂle character, |'n the present study
1S00enic lings for crack resistant QCR) and crack suscepti-
ble"(CS Eropemes were evaluated. Data presented in
Table 2 Show that the morphological characters such
as the husk thickness, length, breadth and L/B ratio of
the, grains were identical in the |so?en|c lings of each
variety, In CR lines, the p_ercentage of sun-cracked grains
varied from 0 to 15 and'in CS lifes it, varied from 8 to
[ S|m|_|ar!¥ shelling breakage varied from 18 to 17
Per cent in CR lines and from’60 to 66 per cent in CS
Ings.  These results show that the pairs of lines des-
crived above were jdentical n all respect except In
cracking and breakage properties confirming their
1SOgenic nature. , _ _

ydration and cracking: It is well established that
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Table 2. physical and culinarv properties associated with crack resistance in rice varieties"”

Brown rice _ o Cooked rice
! - Husk  Rice cooking time

Variety/ ~ Cracking Sun-crack- ~ Shelling

Isogenic ~ property ed grains  bieakage Len.th L) Breadth(B) L/B  thickness (min) Bulk voi. ~ Consis-
Iinegs PrOpETY ?%) (%)g (r%m)() (mm)() ratio (Fm) (ml/100 g tency
raw rice)
Van!
FT12 CR 5 8 7.00 2.10 3.33 9 17.540.52* 420 F
FT19 CR 9 17 6.95 2.05 3.39 9 18.1;0.73* 360 P
FT14 CS 7 66 6.80 2.20 3.09 9 15.7;0.68 420 VF
FT28 CS 60 64 6.90 2.20 314 9 15.4;0.75 400 VF
Pushpa
FT1 CR 5 17 6.90 2.00 345 90 16.6¢0.57* 400 F
FT2 CS 48 60 7.00 1.95 359 9% 131:0.61 420 F
Flalubbulu
CR 0 18 6.25 240 2.60 90 18.2;0.59 385 P

CR=Crack resistant; CS=Crack susceptible; F=Fiuffy; VF=Very fluffy; SP=Slight!y pasty.

“Varieties harvested at about 18% (w.b.) moisture were used for cracking and breakage studies and those harvested at about 24% (w.h)
moisture were used for other studies.

t Significant at P=0.01 level.

the cracking in cereal grains is influenced by hydration tion, kernel hardness and milling quality are known2,2,
properties and the rate of hydration is kriown to ke although its effect on cracking”has nct been reported.
Influenced_ by several morphological barriers, such as  The effect of differences I protein content. on cracklng
husk, pericarp, seed coat, nucellus, aleurone layers, could not be studied in the isogenic lines since they d

etc.4.1324. The influence of protein content on hydra- not differ widely in protein Content (Table 3).

Table 3. chemical PROPERTIES ASSOCIATED WITH CRACK RESISTANCE IN RICE VARIETIES

Variety/  Sun- EMC-S Total ~ Water-  Insoluble Peak-  Set-back Pentosans Protein
Isogenic  cracked % amylose insoluble amyloseas ~ GT  viscosity — (SBV %g %E)
lines grains (w.b.) %  amylose % oftotal  (°C) ESPV) B Ed. ) {W )
(%) (d.b.) %é.b.) amylose (%) U
Vani
FT12 5 28.3;0.32 28.0 168 60.0 2 320 300 39 6.5
FT19 9 27.8;0.55 216 118 4.7 68 200 195 45 6.4
FT14 75 30.9;0.49* 26.8 141 52.6 65 230 305 19 6.8
FT28 60 30.640.58* 26.8 137 511 62 175 370 2.0 6.8
Pushpa
FT1 15 211;0.30 304 16.7 54.9 66 355 340 45 6.2
FT2 48 28.6;0.44* 28.6 155 5.1 61 300 460 23 6.6
Halubbulu
0 26.4;0.55 303 143 471 14 450 450 38 15

“Varieties used in the study were harvested at about 24% (w.b.) grain moisture.
{ Significant at P=0.01 level.  w.b.=wet basis;  d.b.=dry basis;
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Starch properties are known to have relation Wrth
EMC-S per centl3 The differences in the EMC-S
cent of Isogenic lines were therefore estrmated 8 an
index of starch properties. The EMC-S per cent of CR
lines varied between and 28 Ber cent and those

of CS lines ranged rom er cent.  The
drtference n the MCSper cent was significant between
aW corresgon mg CR and CS srster I|nes (Table

The E r cént of CR variety “Halubbulu’ was the
lowest (264 per cent) compared o other lines tested.
These results Indicate that with an increase in the crack
resistance of a rice variety, the EMC S (ﬁ)er cent of the
grains shows a tendency to get reduce

Gelatinization temperature and cracking: Data 7p
sented In Table 3 show that GT varied from 66to 74°C
in CR lings and 6L to 65°C in CS lines, indicating that
crack, resistance was, associated with higher GT. > The
association of Nsurrng resistance with igner GT was
also observed by Kunze and Hall3.

2l

arbo(r:rrta% resistance amounting upto an index value of
The index method of selection for crack resistance
described above, although hased on a mathematical
E)rrncrple was somewhat time_consuming, and the
uceess or failure of seIectrn% a CR line In any particular
variety will be known,qnly at an acvanced stage of selec-
tion. herefore an jnitial screenrn(it test was standardised
by utilizing the alkall degradation properties. of the
kernel. Data summarised in Table 1indicate that in varie-
ties like “Jaya’ ‘ManPala’ ‘Pusa 150°, ‘Halubbulu” and
‘Intan’ in which alkali reaction was homogeneous (Frg
2), Intra-varietal selection for crack resistance was not
successful whereas in the varieties ‘Pushpa’, ‘Vani’ and
-18 In which alkali test |nd|cate heterogeneity
(Fr ? 3), the selection for crack resistance was passible,
hése findings suggest the usefulness of a heterogeneity
test by alkali tréatment In rice varretres to_Cecice
whether the crack resistance in ang particylar varrety can

Culinary and ‘textural progertres The milled  rices eveoe ymere Intravarietal selection or the pro-
of CR lines took 166 to 182 min and those of CS rlg has, to transferred to that variety by hydridi-
lings 131 to 157 min to cook,  The differences were zation using a donor parent,

statrstrcally srgnrfrcant Table 2). . This difference could

dug to’the’higher GT of CR lines than of CS lines
srnce itis reported earlier that higher GT was associated
with longer cookrng time.

Data gresented Table 3 show that in general the
PV value of CR lines were higher than the corresponding
CS lings. These results by and large are in conformity
with those of Juliano et al 27 who Tiave found an assc-
ciation of higher GT with hrgher PV values.

Alkali score and selection index: An Inverse reIatI%n

of GI with alkali score has heen observeqd

association of hrgher crack resistance  with Iovver
alkalj score recorded in the é)resent experiment
(Table 1 and Fig. 1) indicated that the factors
causrn resrstance to crackrng s well as alkali

gra ation may be common.
uliano et al, SH%;%% sted that alkali score may e a
simple and_rapid méthod for estrmatrng GT m rice

varretres Te also suggested that alkali™ test couId be
an index of stability toaherrtabe roperty in lings and
CrOSSes Since segregatrng populations w give varied
reactions to this, test,

Data presented in Table 1 indicate that selection for
crack resistance was possible only when the differences
In index values amonq the individuals of the same variety
exceeded 3/ as in the case of ‘Pushpa’, Vani’ and
18" When the differences in the Index values were
26 .0or below among the Individuals of the same
variety, selection codlld not be done, as in the case of
Jaya’, ‘Mangala’, ‘Pusa-150", ‘Halubbulu’ and ‘Intan’
va etres Inl catrn% that the environmental factors
under different conditions may bring about a variation

Amylose “content:  Amylose influences the textural
property of cooked rice2 in general, while the GT
and amylose tended to, be independent of each other?.
The varieties used In this investigation belong to a hrﬁher
amylose group and therefore, all the CR and CS Jines
Isofated Sossessed high amylose content ranging from
26.8-30.4 per cent (Table 3): No consistant relation on
culinary properties such as volume expansron and pastl-
netss vvtas obsferved etweer(tj CR| and CS | r;es Trttﬁ
interaction of amylose and . culinary properties wi
crack resrstance coyu? be crrtrcar rztua d) |f 1S0genic
lines for CR and CS characters possessrng low, inter-
mediate and hrgh amylose content were established In
different varietis.

Pentosan content:  The influence of pentosan on the
pysrco chemrca l&opertres of cereals was studied
several workers. Mod et al.3) and Juliano et al.il have
found no consrstant reIatronshrp betvveen pentosan con-

tent and amylograph viscosi nt}( of rice flour.  An Inverse
relation of pen os ns with II|n and bakrntq ualities
of wheat has been reported®,~ Low pentosan. was

found fo acceIerate thed ermin rocess N maize33

According to Karim and R%oneygl ﬁte kernel harchness
n sorghum is related to pentosan,

Datd In Table 3 show that pentosan content of milled
rice In_CR lines and ‘Halubbulu’ varied between 33
and 459 ter 2cent whrcht I5 about twice as that of CS
ine (19to [ Cen

Ca ano andi JD |ano]£; have, observed the association
of lower alkali score with hrgher yield. of pentosans
upon extraction with dilute alkali in a white core variety

PI-6.  However, they have not studied its cracking
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Fig. L _Milled rice grains of crack resistant (CR) and crack
susceﬁnble (CS) lines treated with 1.4% KOH solution to show
the association of crack resistance with alkali resistance.

FT-1 (CR); 6=FT-12 (CR) Fig. 3. Milled rice grains treated with 1.4% KOH solution to show
FT-2 (CS)" ff-=FT-14 (CS) the heterogeneity of grains to alkali reaction within the variety.

a=
c=

n=Pushpa; 6=Vani; ¢=ES-18

be classified broadly into a 4 different grouPs. The first
grouE)S Influences the hydration of the grains and thus
affects the cracking property only indijectly.  The
factors in the second group “constitute the properties
of starch and protein ‘which_ may affect cracking b
their differences in size, density, Compactness, crystal-
linity, molecular size and the degree.of branching of the
, amylopectin fractions. Much study is required to"undr-
stand Clearly the influence of these factors on crackm%.

Fig. 2. Milled rice grains treated with 1.4% KOH solution to  1N€ factors.in the third group are the cell wall charat-
show the homogeneity of grains to alkali reaction within the variety. ~ teristics, which may be iffluenced by quantitative and/
., e or qualitative varrations In cell wall constituents, such

a= Pusa—150;  >=fntan as cellulose, pentosans and pectins, which would make

cleavage along the cell wall Tine either easy or difficult.

- - L The factors associated with the characteristic structure
behaviour. It is clear that pentosan content in rice Blas and orientation of cells in the endosperm and cause

a very significant role in eciding the textural property  disterences in cracking. fall in the fourth aroun.
of the grain and hence its cracking behaviour. T8 ™Cfyiter physico-cheffical and tochemica st

posinle thet when the pentosan”Contnt INCTeaS,  octions art by persued 1o, Ungerstand, the. coMplex
adhesion_ between” two cdll" walls also increases and U0 & % tgepcracking O n' e P

maIEest c{ﬁava%eh diffic(ljjlt-'S. V\ﬁtg IIower pk;zntosan
content, the adhesion decreases and cleavage hecomes Adowledgeent

easy.
1yhese results reveal that crackinq in rice is a complex The authors thank Mr, Vasudeva Singh and Mr. A
phenomenon- controlled by several factors which “can  Chandrashekar for technical help, Mr. T. A. Khan for
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Non-uniform and delayed ripening is one of the major problems encountered in mangoes during storage and ripening
under ambient conditions. ~ Acetylene, added as calcium carbide at 2 g/kg, ensured uniform and early ripening.  The
period being reduced to 7 days from 14-17 days in the control. ~ Change in skin colour was associated with soften-
ing of fruits which was also recorded with Instron Model 1140.  There was sharp decline in acidity and increase in
pH and total soluble solids. The rate of carotenoid synthesis in the pulp of treated fruits was higher in the initial
stages. ~ However, the total carotenoid content was lower than the control after the fruits were fully ripe.  Aroma
was less in the treated fruits as indicated by sensory evaluation.

In commercial practice mangoes are harvested while under each group. _The boxes were kePt at ambient
green and stored in bulk, As fruits vary in the degree of  temperatuie (27+4JC) and at RH 5515 per cent.
mafurity and size, ripening is not uniform and poses @ The_boxes with calcium carbide were kept in an un-
major problem. Calcium Carbice Swhlch_ releases acety- ventilated and controls in a ventilated room separately.
lene) is one of the chemicals used to achieve uniformi After 96 hr, the calcium carbide packets were remaovéd
and” quick ripening In bananasl2 citrus, frurts34 and  from the boxes and the uncovered fruits were kept in a
tomatogsh6. ' The Same chemical is used for mangoes  separate ventilated  room. _ _
also. It 1s; reported to accelerate and ensure uniform  Ohservations periodically carried out are given helow:
ripening without any acverse effect on the ualltg of (0 Visual change in surface colour was evaluated
mangoes7. But impairment of chemical and organoléptic Egsmtabl modifying the method0 (qreen turnlng or
ualities by calcium carbide treatment is réported In |oer cent yellow and edible ripe or 100 per cent orange
Pairi’, ‘Alphonso’, ‘Banganapalli’, ‘Totapuri’ and, yellow), Firmness (by finger feel) of the fruits was
‘Langra’ varieties of :fxn 0es8, _ - TCategorised as hard, urnln% soft and soft.

In'View of these contlicting observations, a systematic (<§ Textural studies at the edible ripe stage were
study on the effect of calcium carbide treatment on the  conducted of both control (1 treated fruits using

e

ripening of ‘Alphonso” mangoes was carried out and the  Instron Model 1140 as given below: _
results are incorporated In"this paper. (a) whole fruit compression; - Whole fruits were
_ c?mpressed with a flat circular 25.54 cm-2 cross sectjon
Materials and Methods pun%er. Force required corresponding fo a deformation
0f 05 cm was recorded and expressed in gram per unit

Mature, _8reen ‘Alphonso’ man?oe_s were harvested
at early, midl and late st es_%weeky Intervals) froman  cross section area (g cm-2). _
orchartl near. Mysore.  Fruits werg sorted Jnto water  (b) Disc compressioni: - Compression of one cm thick
floaters (fspecmc gravity< 1) and sinkers (specific gravity  discs of 2.54 cm diameter of man(rqo-ﬂe_sh Was carried out
>1)9, TO prevent fun%al attack, fruits were dippedin  using 25,54 cm-2 cross section cyfindrical flat plunger to
1000 ppm Benlate solution for 5 min and air dried.  a final_clearance of 2 mm. The first peak or the point

The frurts were divided It lots of 40 each and placed  of major slog)ée iﬁhgngr% \évas recorded and the results

in ventilated wooden boxes (23 0. x 101n. x 1351n.) Were express _ _
lined with craft paper. Four packets of 5 g each of cal- ic) Magnus-Taylor puncture test11: This was carried
cium carbice, (at the level that_is used commercially, out using a flat cylindrical {%Iun?_er of 1.27 cm diameter
gkgg were placed in each box, The fruits were covered  to punctire mango-flesh.  The Tirst peak was recorded
with:Straw and craft paper. The boxes without calcium and the results expressed in H om-1 ,

carbide served as control. Five replicates were kept  Forall these tests, the cross head speed was 5 cm-min-1
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and the chart speed was 10 cm/min. The fruit orienta-
tion In (a) and the sample positions in (0) and (c)
WWere keR constant. _ _
_ (HR Chemical composition:  Chemical = constituents
in"the pulp were analysed in triplicate from two
composite samples of fivé randomly selected fruits each
and the mean values are reported. Total acidity was
determined by the AOAC method12 and total carote-
noids by the partition method13 . Total soluble solids
expressed as °Brix) were determined by the use of a
d refractometer. _
() Sensory analysis:  To evaluate the sensory quali-

EFFECT OF CALCIUM CARBIDE ON RIPENING AND QUALITY OF ALPHONSO MANGOES
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ties, a descriptive quality profile é)rocedure was develop-
ed as shown In the score card and used for the ripe fruits
for individual quality attributes of whole fruits and cut-
pieces of each sample by a descriminative communi-
cative panel of 15 judges.” The data was compiled and
\z}gﬂ rs]ec((zel14 by two-wdy and three-way analysis of

Results and Discussion

The percentage of sinkers in the early, mid and late
harvests were 55, 58 and 98 per cent respectively. Hence,
floaters were not considered in the late harvest group.

SENSORY EVALUATION SCORE CARD

(A) DESCRIPTIVE EVALUATION OF MANGOES—
WHOLE FRUIT

Evaluate each sample through the descriptors in the scales below

by crossing and writing the sample code at any position judged
appropriate

Colour and appearance

1 1 1 1 1
Green,  Glossy, Glossy appealing Sliﬁhtly Dull,
yellowish  greenish yellow, reddish ~ du shrlvellln?_,
green yellow  yellow, orange not appealing,

yellow black” spots,
discoloration
Odour (Smell)

i 1 T 1
Green  characteristic characteristic characteristic Overripe,
unripe  weak, strong less fresh,  foreign/

slightly slightly off odour
unripé overripe odour
Firmness (Finger feel)
[ i 1 i 1
Hard Slightly ~ Firm Tending Soft
hard optimal to soft
Overall quality
| | i | I
Excellent  Very good ~ Good  Fair Poor

Indicate defectives in each sample, if any, by writing the sample
code ahove the appropriate descrlP_t|ors given™ below:
Discolouration, black spots, shrivelling

Signature

Name:
(B) DESCRIPTIVE EVALUATION OF MANGOES
CUT PIECES

Evaluate each sample through the descriptors in the scales below
by crossing and writing the sample tcode at any position judged
appropriate

Colour
L L L
Uniform, deep  Uniform, less Non-uniform_pale/
yellow, orange  deep yellow yellowish white,

yellow, reddish

white patches,
yellow

discolouration
Compactness (Visual)

! Not so compact,
frayed cut-edge

Texture

Compalct,

|
Not com Pact,
clean-cut-edge

centre softening

1 1
smooth  slightly soft mashy

Aroma

1
Hard slighth'/ hard firm,

Ra\llv, Tyﬁiclal, weak, Ty|pica|,full Typic|a|, less Over| ripe,

greenish  slightly unripe intense fresh, slightly off/foreign
rase overripe

| . [ | |
Raw, Sllg!wtlysour, Optimally sweet, Not sour, Flat, bland,
sour  unbalanced  balance less sweet, offfforeign
~unbalanced
Overall quality

Excellent Very good  Good Fair Poor

Indicate defectives in each samPIe, if any, by writing the sample
code ahove the appropriate descriptors given below:
Non-uniform colour, discolouration, white patches,
centre softening, foreign/off aroma, foreign/off taste

Signature
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Treatment % edible ripe coloured fruits after indicated days of harvest % soft fruits after indicated days of harvest
5th Tth 14th 17th 5th Tth 14th [7th
Early harvest
Control floaters 0.0a 0.0a 26.7a 62.5 0.0a 0.0a 33.3a 70.8
Carbide floaters 7L7* 8L.T* — - 62.5* 87.5% — —
Control sinkers 0.0a 3.3a 60.0% — 0.0a 9.2a 64.2* —
Carbide sinkers 93.8a 94.4d — — 62.5* 100.0; — —
Mid harvest
Control floaters 0.0a 0.0a 37.1a 78.1 0.0a 1.0a 39.0a 78.1
Carbide floaters 40.0* 96.2* — — 40.9* 100.0* — —
Control sinkers 0.0a 1.7a 81.4* — 0.0a 13.6a 86.5* —
Carbide sinkers 47.6* 91.4* — — 58.1a 100.0% — —
Late harvest
Control sinkers 1.5a 4.0 85.0 — 6.7a 9.2a 795 —
Carbide sinkers 96.5* 100* - - 100.0* 100.0* - -

Mean with different superscripts under each column and harvest differ significantly according to hi-square test (P<0.05).

Changes in visible colour and firmness:  Calcium

[
cal(tZide treatment significantly reduced the number of

days re%uwed to attdin edjble ripe colour and softness.
Thie perCentage of fully coloured _
higher In the treated than in the controls at"their ripe
stage. - Control sinkers ripened earlier (14 days) than
coritrol floaters (17 days), while this ditference disap-
peared with treatment. ” Treated fruits in all the batches
ripened in 7 days,after harvest &Ta_ble % The changes
In softness showed a similar trend with changes in colour
Table 1). Treated fruits showed edible softness within
short duration.  Contrary to this, In banana, calcium
carpide treatment is reported to produce firmer frujtsl
(I1) Instrumental texture changes:  The force, required
to compress the whole fruit by 0.5 cm was higher for
control floaters than for sinkers i both early and mid
harvests. . The trend was better reflected in the disc
compression method.  The control over treated samples
recorded hlﬂher compression force.  The floaters were
more firm than sinkers in the control grouP. _But this
differences was narrowed by treatment. Similar trend
\fvTagblge%%rded by the Magnus-Taylor puncture test
(Hi) Chemical constituents:  There was no significant
difference between the treated and the untreatéd fruits
at the ripe stage in the levels of total soluble solids, pH
and titratable acicity (Table 3). Total carotenoid con-
tent of the treated fruits, though higher at initial stages,

fruits was significantly

was however_lower than that of control at their edible
ripe stage (Flg. 1) as reported earlier.8, _
(Iv) ™ Sensory analysis: ~ Calcium carbide trtated fruits

developed good Colour at the end of 4 days of treatment.
Evaluation"of these fruits by a small panél of 8 members
indicated that the texture was firm, aroma development
negligible and the taste sour. Hence, they were again
evaluated on the 7th day.

in alphonso

treated with calcium <carbide at ripe stage

Method  Category Early harvest ~ Mid harvest
Control Treated Control Treated
Whole fruit
compressionB  Floaters 117 88 87 89
(9.cm-2) Sinkers 85 8 66 18
Disc compression* Floaters 334 232 382 295
(g.crm2) Sinkers 294 214 316 310
Magnus-Taylor
puncture Floaters 670 444 588 546
testa (g.crrrl)  Sinkers 552 464 430 520

Edible ripe stage: Control floaters-I7th day, control sinkers-
14th day, carbidé floaters and sinkers-7th day:

a: mean of triplicates: b & c¢: mean of 6 replicates.
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Table 3. changes in the chemical constituents in calcium
CARBIDE TREATED ALPHONSO MANGOES AT THEIR EDIBLE RIPE STAGE
Edibleripe  Acidity Total solu-
Treatment stage (% maleic pH  ble solids
(days) acid) (°Brix)
Early harvest
Control floaters 17 0.30 4,60 170
Carbide floaters T 0.39 4.20 18.0
(3.93) (3.50) (7.5)
Control sinkers 14 0.36 4.00 20.0
Carbide sinkers 7 032 4.20 200
(4.07) (3.45) (9.0)
Mid harvest
Control floaters 17 0.19 4.90 15.0
Carbide floaters T 0.26 4.60 19.0
(3.93) (3.15) (6.0)
Control sinkers] 14 0.19 4.80 16.0
Carbide sinkers 7 0.30 4.60 20.0
(3.87) (3.10) (15)
Late harvest
Control sinkers 14 0.19 4.80 18.0
Carbide sinkers T 0.26 4.30 18.0
(2.95) (3.10) (8.0)

Values given in parenthesis are for the raw fruits in the respective
floaters _(%oth control and treated)/sinkers (both control and
treated) in the corresponding groups.

(x 000)
11

EARLY HARVEST

a Control floaters

A ~ sinkers f

101 o Corbide floaters s
o © sinkers

st )

MID HARVEST LATE HARVEST

Mg /1009

0'5 d A sk 1 1 L ak 1
s 7 14 17 0 5 7 14 17 0
Storage period (days)
Fig. 1. Total carotenoids in the pulp of calcium carbide treated
Alphonso mangoes during ripening
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5 7 14

281

Table 4. sensory quality of calcium carbide treated
ALPHONSO MANGOES AT THEIR EDIBLE RIPE STAGE

_ Sinkers from early
Floaters and sinkers from early and mid and late

Quality mid harvests harvests
attributes — .
Control Treated Floaters Sinkers Control Treated
Whole fruits
Colour &
appearance  3.16°  3.95% 332° 379 353 377
Odour 370 379 349%  40la 39T 377
Firmness
(finger feel) 4.65“ 545¢ 493 518 484 589/
Overali
quality* 79 9 75 g7 89 84
Cut-pieces
Colour 39 340 373 362 390 33l
Compactness 424 436 431 428 409 429
Texture 485" 531 512 510 517 557
Aroma 484 395% 428 452 499  3.98/
Taste 491 48 489 487 504 514
Overall

quality* 81 18 68 92 90 10

Me?‘? score: 1to 5 to 9unripe to optimally ripe to overripe
quality.

Figures with different s_uper,scrit)ts in the same row separately
for each group differ significantly.

*%% panelists grading the sample as good.

In the treated fruits, the mean score was significantly
higher with respect to external colour and appearance,
and they were more soft than control fruits. In the cut-
pieces, the treated fruits were more soft in texture and
less intense in aroma. Between floaters and sinkers from
both control and treated groups, the sinkers were better
in colour and appearance and odour. No difference
could be seen in cut-pieces for the individual attributes.
(Table 4).

Overall quality grading in the control group showed
agreement between the whole fruits and cut-pieces,
whereas in the treated group it was lower for the cut-
fruit. Sinkers scored higher grade in overall quality for
whole fruit as well as cut-fruit than the floaters (Table 4).

When only the sinkers were considered, the whole
fruit was more soft in the treated. This was clearly
evidenced by the textural studies (Table 2). In the cut-
pieces, the flesh colour was less as reflected by the less
carotenoid content (Fig. 1) and also the intensity of
aroma was lower (Table 4).
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Thus, calcium carbide treatment of ‘Alphonso’
mangoes resulted in the development of uniform and
attractive yellow skin colour and quick softening of
fruits. This advantage is being exploited commer-
cially for ripening and marketing mangoes. However,
there was less synthesis of carotenoids in the pulp and
aroma development. This is in accordance with the
report of Pattabhiraman et al.]S that the intensity of
aroma and flavour in the mango fruits is proportional
to the carotenoid content.
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The storage quality of ‘Totapuri’ mango pulp, as such or with addition of ascorbic acid, which was frozen as slabs
in polyethylene bags (52x40x 3 cm) and stored at -18°C for a period of 14 months was studied along with canned

pulp for comparison.
nounced in the control during prolonged storage.

Ascorbic acid, total carotenoids, chroma and viscosity decreased in all the samples, more pro-
Sensory evaluation of the nectar prepared from the frozen pulp at

the end of 6, 10 and 14 months of storage indicated that the frozen product had developed an off-flavour which could

be removed either by pasteurizing the pulp before freezing or heating the frozen pulp before use.

Ascorbic acid

added to the pulp helps to retain the colour, flavour and aroma during long storage.

Mango (Mangifera indica L) is the most popular and nectars, ice-creams, squashes, jams etc. Freezing is
choicest fruit of the tropical countries. Pulp frommango known to retain the quality of the product for a long
is canned for use in ready-to-serve beverages, juices, time during storage. Mathur et aid and Adsule and Roy?2
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have studied the storage quality of mango pulp frozen
in cans using slow freezing method, in this paper,
storage quality of ‘Totapuri’ mango pulp quick frozen
in the form of slabs in polyethylene bags and stored at
-18°C for a period of 14 months is presented.

Materials and Methods

Ripe ‘Totapuri’ mangoes from the local market were
washed, cheeks removed and pulped. The pulp was
divided into three portions, one was frozen as such
(contral), to the second, ascorbic acid added at the rate
of 50 mg per 100 g and frozen and the third was canned.

For freezing, the pulp was filled into 200 gauge poly-
ethylene bags of the size 52x40x3 cm and sealed.
Each bag contained 7 kg of pulp. The sealed bags were
kept in trays and frozen in a plate freezer at -40°C.
Nine slabs were made from each portion. Time required
for freezing was 4J hr. The frozen slabs were stored at
-18°C.

For canning, the pulp was mixed with citric acid to
raise theacidity t00.5 percent, heated to 8°C, filled into
plain A 2| cans, sealed, processed for 30 min in boiling
water and cooled. These cans were stored at 4°C
to prevent changes occurring at ambient temperature.
The canned pulp was used as control.

After 3,6,10 and 14 months of storage, frozen and
canned pulps were analysed for total soluble solids,
acidity, ascorbic acid, total carotenoids, chroma and
viscosity. A day prior to analysis, the frozen samples
were transferred to a refrigerator for slow thawing.
Brookfield viscometer at 60 rpm was used for measuring
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viscosity. Reflect colour was measured by using Spec-
tronic-20 colorimeter with reflectance attachment. The
samples were taken in glass cells (American Company’s
5820 cell) for the colour measurement. Chroma waes
calculated according to the procedure outlined earlier3.
Ascorbic acid in the samples was determined by visual
titration method with standard 2-6 dichlorophenol
indophenol dyed. Total carotenoids in the pulps were
extracted with acetone and transferred to petroleum
ether (b.p. 60-80°C). Colour was measured at 450 nm
in Spectronic-20 colorimeter and expressed as $-
caroteneb. All the analyses were made in triplicate and
the mean values are presented.

Sensory evaluation of the frozen pulp after thawing
and canned pulp was made both as pulp and after
converting into nectar. The nectar having 20 per cent
pulp, 15 °Brix, and 0.3 per cent acidity was subjected
to sensory evaluation before and after boctling. The
nectar was heated to 85°C for 5 min, filled in bottles,
crown corked, processed in water at 75°C for 5 min and
cooled. Colour, aroma, flavour and overall quality of
the pulps were analysed by rank sum methods, ihe
best one was assigned rank 1, by a panel of 12-17 pane-
lists. Bottled nectar samples were evaluated by a panel
of 17-19 members for difference and preference by
preference matrix analysis7 in addition to rank sum
analysis.

Resolts and Discussion

There was no significant change in TSS and acidity
in the stored pulp from all the treatments (Table 1).

Table 1. changes in physico-chemical characteristics of frozen and canned totapuri mango pulps during storage

Ascorbic acid

Total carotenoids
as A-carotene

Storage  TSS (°Brix) Acidity (%) (mg/100 g) (1% 0/100 ) Chroma (%) Viscosity (cp.)
period Frozen Canned Frozen "Canned Frozen ~Canned = Frozen ~Canned Frozen "Canned Frozen - Canned
(months) cont_ AA. Cont- AA. Cont- AA. Cont- AA. Cont- AA. Cont- AA.
rol ~added roi added iol added rol added rol added rol added
0 165 165 160 045 045 050 170 650 140 4200 4200 4100 49.0 49.0 495 3950 3950 3795
3 165 165 160 046 046 051 100 530 115 3560 4050 4070 450 48.0 480 3760 3870 3740
(58.8) (81.5) (82.1) (84.8) (96.4) (99.3) (91.8) (97.9) (97.0) (95.2) (98.0) (98.5)
6 162 165 158 045 046 052 61 450 105 3250 3980 3995 42. 4651 47.2 3452 3620 3650
(35.9) (69.2) (75.0) (77.4) (94.8) (97.4) (86.7) (94.1) (95.3) (87.4) (9L.6) (96.2)
10 160 160 158 04?7 043 050 14 295 98 2588 3570 3820 325 422 468 2650 3220 3525
182) (45.4) (70.0) (64.0) (85.0) (93.2) (66.3) (86.1) (94.5) (67.1) (81.5) (92.9)
14 160 160 160 048 047 052 09 128 89 2150 3240 3750 27.0 364 454 2260 2950 3410

(53) (19.7) (646) (51.2) (77.1) (9L5) (551) (74.3) (8L7) (57.2) (74.7) (89.9)

Figures in parenthesis indicate percentage of iniliai content
A.A.—Ascorbic acid.
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There was reduction in ascorbic acid content in all the
samples. After 10 months storage, the retention of as-
corbic acid was 8.2, 45.4 and 70.0 per cent, in control
frozen pulp, ascorbic acid added and frozen and canned
pulps respectively. Loss of ascorbic acid in frozen con-
trol pulp was faster than in pulp fortified with ascorbic
acid and frozen or canned. This may be due to higher
activity of oxidative enzymes in the control pulp.
Ascorbic acid in the ascorbic acid fortified pulp acted
as an antioxidant. Retention of ascorbic acid was
better in canned than in frozen pulps, possibly due to
(/) heat inactivation of oxidative enzymes during pro-
cessing and (Z7) tin in the cans acting as a protectant to
ascorbic acid2.

Total carotenoid content in both frozen and canned
samples decreased during storage. The losses were
greater in the frozen natural sample (36 per cent) than
in ascorbic acid added sample (15 per cent) and were
least in canned samples (6.8 per cent). The values further
decreased after 14 months of storage. Colour as per
cent chroma also decreased during storage and the trend
was similar to the carotenoid losses.

The viscosity of pulps before freezing and immediately

JOURNAL OF FOOD SCIENCE AND TECHNOLOGY, VOL. 21, SEPT./OCT. 1984

after canning was 3950 and 3795 cp respectively and de'
creased during storage. After storage of 10 months, the
values were 2650, 3220 and 3525 cp in the control
frozen pulp, ascorbic acid added and frozen and
canned pulps respectively. The decrease in viscosity
was more in frozen pulps than in canned pulp. The
decrease in viscosity in frozen pulps may be attributed to
the activity of the pectin degrading enzymes.

The canned pulp had been subjected to heat treatment
during processing but not the frozen pulps. At the end
of 6,10 and 14 months of storage the sensory chara-
cteristics with respect to colour, aroma, flavour and over-
all quality of the canned pulp were significantly superior;
pulp without added ascorbic acid was significantly
inferior; and the pulp with added ascorbic acid was
neither significantly superior nor inferior (Table 2).
These results show that the canned product stored at
low temperature is superior to pulp frozen without any
heat treatment. The observations on the nectars pre-
pared from these pulps subjected to sensory evaluation
without any further heat treatment were similar to
those observed in the case of pulps.

Nectars prepared from canned or frozen samples but

Table 2. rank sum data for sensory quality of pulps and nectars prepared from stored pulps
Canned pulp Frozen pulp
Storage  Judges Colour Aroma Flavour Overall Ascorhic acid added Without ascorbic acid
PeflOr? no. quality Colour Aroma Flavour Overall Colour Aroma Flavour Overall
(months) quality quality
Pulp
6 n 13 12 125 125 %5 195 220 220 285%%  305%% 3L5** 315
sup.  sup. sup. sup. ns. ns. NS ns inf, inf.inf.inf.
10 12 12 13 1 1 x5 235 245 245 35.5%* 355** 35 5% 355k
sup.  sup.  sup. sup. ns. NS ns ns inf, inf. inf, inf.
14 16 16% 116%™ 16 16** 355 405 395% 405**  445%* 395%F 405**F 395k
Ssup.  sup.  sup. sup. ns. inf.inf inf, inf. inf.inf.inf.
Nectar before pasteurization
6 2= 13 e 13 %5 B85 205 235 28.5%*  29.5%* 295%x g hxx
sup.  sup.sup.sup. ns. NS ns NS inf. inf.inf.inf.
10 2 12 12 1 1 2800 235 285 235 32.0%* 305%* 3L5** 315%
sup. sup.sup. sup. ns. ns. ns ns inf, inf. inf, inf.
14 16 16 16%  16** 16 375 30.5%% 40.0%* 40.0%*  425%*F 405%*F 40.0%*  40.0*
SUp.  sup. sup. sup. ns. inf. inf. inf. inf. —inf.inf.inf,
Nectar after pasteurisation
14 20 23 21 235 % 440 410 310 380 53.0%* 58.0%* 58,0%* 5g0**
sUp.  sup.  sup. sup. ns. NS ns s inf. inf. inf. inf.
“ Significant at 1% level;  Sup: Superior; Irf: Inferior

n.s: not significant.
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subjected. to heating before, sensory evaluation showed
no ‘significant difference with respect to colour, con-
sistency and flavour at the end of 6 months of storage.
The observations at the end of 10 months of stordge
were similar In the case of nectar prepared from cannéd
‘sample and frozen pulp containing added ascorbic acid
while that prepared from Pu!p rozen without adced
ascorbic acid was significantly inferior. At the end of 14
maonths of storage, the nectar prepared from the canned
pulp was superior, from the pulp frozen without added
ascorpic. acid was Inferior and with added ascorbic acid
not significant. At the end of 6 and 10 months storagg,
the sensory evaluation was done by preference matfix
ana|¥5|s and by rank sum analysis at the end of 14
months of storao%ev. _

The results show that the mango pulp, frozen without
pasteurization develops off-flavour ‘during storage, the
Intensity of which is less when the pulp is fortified with
ascorbic. acid. -~ The off-flavour Iorqduced IS, however,
heat labile.. Hence, when the pulp is used for products
where heating is involved before consumption, this dis-
agvantage as compared to canned product with respect
to flavodr is overcome. For such E_ur 065, mango ul
frozen with added ascorbic acid is Similar to cann dEuIB
with regard to colour, consistency and flavour even after
prolonged storage, while the pulp frozen without added
ascorbic_acid {izontrol)n IS Inferior,

The off-lavour which develops during frozen storage
could however be overcome, if the pulp is heated hefore
freezing.  Avena and Luhg have recently reported the
changes. dunrgq frozen storage of pasteurized mango
pureg with ana without added sugar. No such develop-
ment of off-flavour were encouritered during stora%e.
Elenge patsteurlzatmn before freezing could overcome this

Isadvantagg.
“Theman ?acturers of ready-to-serve beverages pasteu-
rize the mango pulp and stare at 4°C in wide mouthed
181 tins lined with polYethylene film for subsequent use,
However, the storage life of such pulps is reported to
e onl?{ 34 months.” Totapurt’ mango pulp having 0.5
per cent acidity and ‘Alphonso’ mango pulp having 0.6
per cent acidity would have apH lessthan 4.0, He,atln%
of such pulps to 9%°C would inactivate the heat resistan

FREEZING PRESERVATION OF TOTAPURI MANGO PULP

285

enzymes and destroy the spoilage. organisms.  Based
on the results of the present study, it miay be stated that
tha shelf life of such gulps acked as stated above could
considerably be ingreased Bystorlng at -18C. Alter-
nately, the pasteurized pulg may bé filled hot into the
narrow mouthed plain 18 1 containers, the lid is sealed
by soldering, and the sealed container was tilted upside
down to chéck leakage and to sterilize the lid and allowed
to air cool or cooled In chlorinated water. The product
would behave in the same way as the canned product
when stored at 4"C or at ambient temperature. However,
such ¢ans are not suitable for reuse. This is based on the
]gxpterlegce of one of the authors while working in a
actory9.
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Cookability and associated tests conducted in this study involved determination of (i) rates of cooking, (ii) water uptake
during cooking and at room temperature, and (iii) influence of seed size on cookability and water uptake. ~ Cookability
was found to be negatively associated with water uptake during cooking; soybean lines which absorbed
water more rapidly tended to cook in a shorter period of time.  Seed size was observed to influence cookability and
water uptake.  Generally small seeds tended to cook faster than larger seeds suggesting that breeding and selection
for small seed sized soybean varieties may help overcome the problem of cookability encountered in soybean. In all
experiments involving water uptake, the influence of temperature or seed size on water uptake was not the same on

ail the lines tested.

Soybean is progressively becoming . a world-wide
potential source of ma#or nutrients required for normal
diet. As high as 45 per cent of the dry matter Is protein
and the aMing aci Battern approaches the optimum
recommended by FAOL Soybean also contains about
20 per cent oil, which s ve
a large proportion of urisaturated fatty acids.

Soybean has not been a popular food” crop in many
{%arts of the world, despite its high nutritional valué.

he Protein Adyls_orY roup Statement 22 icentified
cookability or difficulty-to-cook of beans as a serious,
universal problem limiting the direct use of soybeans,
Rice2 and Muellar et aP. " recommended cooking times
of up to three hours In order to produce a food prodyct
fro maturelso Dean sete_ds., L?ng cooklngt fi ets) dis-
courage people from continuing to Incorporate soybeans
In tLe?r |[r)lo nal 3|ets._ Y _ P _ y

The objective of this study was to investigate factors
that Influence the cookability of so¥beans I orcer 1
?rowde Information that may be uséful to breeders and
00l processors attempting to overcome the problem of
cookability encountered In soybeans,

Materials and Methods _
Soybean lings from the cross ‘Big Jule’/‘Bether were

esirable because |t contains 30

?rown in replicated field plots at Hawk_esbug_ A%ICUF
ural College of Advanced Education, Richmond,
Australia, Al soybean seed lots used in the tests were
fully matured seéds and were stored in a controlled
atmosphere seed storage room at 10°C and humidity of
er cent for a minimum of two weeks before bemg
used, S0 as to enable the seed lots to equilibriate af th
same seed moisture content, COOkabI|I[¥ and associated
tests were conducted in the experimental food technology
laboratory at  Hawkesbury™ Agricultural College f
Advanced Education. 7 o
To determine line variation in cooking time and rate
of water uptake, seed lots representing a number of lines
and field Elot Sources were pressuré cooked for three
different times at 116°C. Seeds of nearly uniform size
about 7.6mm in diameter) of each seed lot were obtain-
d by sieving,_ Clean whole seeds were weighed and plac-
ed In cans (75mmx 117mm) and_ the cans were filled
with tap water and sealed. The cans were then
laced In a retort, which was steam heated af 116°C.
he beans were cooked for 10, 20 and 30 min, For
each of the three cookln% times, timing started when
the steam heated_retort Teached 116°C, which took
about 5 min.  The assumPtlon made was that the
cans and its content would also attain this temperature

*Present address: Department of Botany, University of Dar es Salaam, Tanzania.
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within this period given the small size of the cans and
the quantity of thé beans used. After cooking for the
respective fimes, the cans were cooled in a waterbath,
The cans were then opened, the water drained and
the beans were weighed to determine water uptake. The
cooked beans were then tested for hardness usm? a
texture - measuring  instrument, the  Maturomcer,
Australjan Patent No. 143316, This instrument measures
the resistance or force required to puncture. beans fy
pins, The details of the theory and mechanism of the
Instrument are described by Mitchel et al4, -

To determine any influence of seed size on cookability
and water absorption during cooking and, during soakin
at room temi)_eratures, seeds of three sizes of each 0
six soybean lines_derived from the ‘Big Jule''Bether
cross Were used. The three seed sizes were obtained b;{
s,levmq the mixed seed lots as haivested from individud
field plots. . The size classes contained seeds centred on
84 mm_diameter (range 8.1-8.7 mm), 7.6 mm diameter
ran7qe 7.2-80mm), and 65 mm "diameter (range
5-1.1mm). - Cookability and, water uptake of the
various seéd sizes were (etermined as described above,
exe?et that In this experiment a single time of cooking
of 10 min at 116°C was used. Influénce of seed size on
water uptake during soaking at room temperature
20-25°CF was determined by soakmé;0 weighed san-
les of the three size classes’for 30, 60, 180, 240, 360
min,

Results and Discussion

take: A commercial doroduct of canned beans (Sanita-
rium Soybeans) was used as a reference for accpetable
tenderndss. The Maturometer reading for the commercial
roduct was 27.2k?. Forty one soybean lines were used
0 test the effect o cooklng time on hardness and water
uptake. Mean squares obtained from the analysis of
the three periods are given in Table L. Genetic différences

among lines were shown by the significant mean square

Table 1. mean squares obtained from analysis of variance
FOR COOKABILITY AND WATER UPTAKE OF PARTICULAR SOYBEAN
LINES TESTED AT THREE COOKINO TIMES

Source df Cookability ~ Water uptake
Blocks 1 0.68 1840
Lines 40 714.78%*  269.54**
Time 2 28081.38** 42.69**
Linex Time 80 138.76** 34.61**
Error 122 32.49 9.00

1. Effect of cooking tiMe on cookability and water up- *°f
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values for lines in the analysis of variance.  Significant
line by cooking time interaction was observed mdlcatlng
line dlifferences in the relationship of cookability an
Wwater ui)take with cooking time. ™ .

Fig. 1shows the effect of cooking time on hardiness for
some of the soybean lines tested. All the lines showed a
decrease in hardness with cooking time, however, some
lings required shorter time to reach acceptable tender-
ness, Fig. 2 shows the effect of cooking time on water
uptake for some of the lines tested. An jncrease in water
uptake with time was shown by some lines while others
such as ‘Jeth 3", ‘Jeth 60’ and ‘Biq Jule’, showed a
decrease in water uptake with cooking time,  The
decrease in water _uPtak_e exhibited bﬁ some of the lines
could e due to disruption of cells alring cooking with
release of ce I-boundv#er. N
The correlation _coefficient for the association  of
hardness after cooking and water uptake during cooking
was r=0.76*\" The ohserved association Is that, [ines
which absorb water more rapidly tend to cook in a
shorter period of time. ,

Differences in cogkability observed among lines
may be due to differences in seed characteristics.

60 - -

»
o

Hardness (kg)

3oF

201

Fig. 1. Effect of cooking time on hardness of the cooked soy-
beans of particular lines
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Pgrcentage H,0

_____

125} sen N9

Time (Minutes)

Fig. 2. Effect of cooking time on water uptake of particular
lines of soyheans.

Softening due to cooklnq occurs because of structural
changes which take place durm% cooking, - \Mith
non-0il legumes these structural changes. Include the
breakdown' of the middle lamella, |éading to easg
separation %f ceIIth The same authorsh also observe
that In_ soybeans, heating caused separation of Intact
fells Y\nth no e¥)|dence 0 r}he breakdowrl(of_fhe middle
amella, The onserved differences in cookability among
an?s observed P this study could be due tg ?enen
Ifferences In cell separation durlnt[; cooking and In seet
coat characteristics affecting water uptake which is
associated with cookability.

2. Influence of seed size on cookability and water studlied.

Uptake:

pDurlng cooking:  The relation of seed size to hardness
after 10"min of cooking Is Shown In FI% 3 The six
soybean lines showed ‘an increase in Nardness with
InCreasing seed size, \Within lines, small seeds tended to
be softer” after cooking than larger seeds. The effect
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Fig. 3: Effect of seed size on hardness after cooking for 10
minutes at 116°C

of seed Size on water uptake durm%cooklng i shown
in Flg. 4, Seed size aﬁ ears ;0 arfect waer uptake;
smzéllr Seeds absorblg more water than larger
seeds.
. During soakm?: Soaking soybean is an essential step
In preparation of soybean products for human consump-
tion. Seed size was found to jnfluence water uptake dur-
n soakmg. Some spybean lines showed an increase in
ter uptake with increasing seed size while others
showed a decrease in water uptake with increasing seed
Size (Fg;. B). Slgnificant correfations were found between
(In) hardness after cooking and wateruP(take durln% soak-
ing, (r=-0.54**) and (») water uptake during cookin
and Water uptake during' soaking at 25°C (r:,0.49**)q
The amount of water absorbed diring soaking increased
with. soaking time for all lines and seed Size classes

Hsu tt al$, found that water uptake by sogbeans durlng
soaking was Influenced by seed size. “Small seeds wer
observéd to ahsorb more water than larger seeds, and
this was explained as being due to the fact that smaller
bean kernels provide more Surface area per unit mass for
mass transfer, Calero et al.1 found that the capacity
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Fig. 4. Effect of seed size on water uptake by seeds of particular
soybean lines during cooking for 10 minutes at 116°C

to ahsorb water in so¥beans was dependent on the
shape and size of functional pores on the seed coat,
and the amount of waxy material embedded in the epi-
dermis. Small seeds were found to have near round and
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Fig. 5: Effect of seed size on water uptake by seeds of particular
soybean lines during soaking at room temperature for four hours
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functional pores, whereas large seeds were found to have
distorted pores due to the sizé effect, thus enabling small
seedls to absorb more water than large seeds.” The
differences in water uptake between small seeds and
large seeds observed in‘this study could also be due to
differences in shzgye and size of functional pores, and
other structural differences. _ _

Within homozygous lines, differences in seed size
are que to environmental and/or developmental cauges.
The influence of seed size on cookability observed within
soybean lings from the cross ‘Big Jule” ‘Bethel” may not
e genetically important. However, the effect of seed
size”observed within lings shows the need to have seed
samples of uniform size when carrying out tests jnvol-
ving selection of soybeans for cookability. .~ All test
sanples need to e “stored at the same moisture and
temperature conditions prior tg testing since cookabili
has' been observed to be affected Dy these factorsS
| ebedkeff9 found genetic differences amiong lines of dry
beans (P. vulgarls? In the development of hardseedeaness
durln? storage, which was also affected by stora?e
conditions. “Storage of seeds in_conditions” used n
this study (10°C and 30 per cent RH), for two or more
weeks enables samples of various origin to attain the
same moisture level prior o testing. NO' hardseeaedness
was observed in this study. _

The results of this study also sufg]gest that breeding and
selection for small seed size may hélp overcome the pro-
blem of cookahility encountered in'soybean. However,
more research Is. réquired to evalyate the %enetlc nafure
of the relationship between seed size and the cookability
of soypean seeds. . Mwandemele et al.) have demon-
strated genetlc variation in cookability in _sogbean and
observed the character. to be highly” heritable. ~ This
suggests that cookability can bé improved through
breéding and selection, which may help reduce costs of
processing and save energy.
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The adsorption charactersitics of salt extracted fish protein on peanut oil have been studied quantitatively. — The effect
of ionic strength, pH, denaturant and temperature on the adsorption isotherm have been compared with each other.
The adsorption was found to decrease with increasing salt concentration at pH away from isoelectric point, denaturant
and decreasing temperature.  The adsorption of proteins is multilayer in nature and decrease in adsorption is possibly
due to denaturation. From thermodynamic analysis of the results, the parameters such as A G°, A H°® and A S°
have been calculated quantitatively and the nature of adsorption discussed.

Proteins are good food emulsifiersl In many pro-
teinous foods sUch as fish and meat sausage, the food
matertal 15 actually present in the form of oil/water. or
water/oll. emulsion which 15 stabilised by the proteins.
The stability of these food materials at various condlitions
depends ori the nature of the protein film forming an
adsorbed layer on the fat particles. The change in
texture and foughness durln% frozen storage of fishhave
frequently been attributed To the denaturation of the
agsorbed” proteins during cold storage process23

These correlations are_ however indirect and’ quantita-
ts'é’l%o?%taex?sft% protein adsorption on foog %atena?s

It is well known that in aII_bioI_o?icaI systems Rro_teins
are in comBllcate_d adsorption interaction with lipids
and other biological components. It is also known

that proteins get denatured when adsorbed at an inter-
faced>. Howéver, some workers'58 have reported tha
P,rotelns may retain a certain degree of native conformas
lon even In'the adsorted state, Fish muscle Is composed
of a heterogeneous mixture of proteins. . Piesently some
information? Is available on the adsorption of pure and
smgle protein at hydrocarbon oil/water interfaced k
But the adsorption behaviour of mixed protein systems
Is. unknown. “As mixed proteins actually exist in real
biological s_)(stems, the adsorption charactristics of sich
systems will be ‘more meaningful in understandin
several phenomena which are known to be controlle
adsorbed proteins, like ~cellular a%lre%a_tlon
céllufar growth1? in cell membranes and digestion o
insoluble fats13 in food materials. Moreover, as fish
Is the raw material for several processed food products,
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adsorgtlon studies of fish proteins on food materials
may e helpful to food processm% Inalustry.

In the present paper an attempt has béen made to
study the adsorption behaviour of salt extracted fish
protéins at an oiliwater interface.  The effect of the
change of pH, salt concentration, denaturant and coollngi
on the adsorption behavior is studied. As peanut ol
i extensively used in India in the preparation of food-
stuffs by the industry and also used as a cooking olil,
double Tefined peantt oil was Selected for adsorption
study of fish proteins. ~ Attempts have been made to
undérstand the conformational aspects of the adsorbed
fish protein and the amount adsorbed has been Inter-
P_reted from the fundamental mechanism of the adsorp-
0N Process.

Materials and Methods

Fish protein used for the experiment was taken from
fresh-water fish ‘Rohu’ (1-1.5 kg total wt.) procured from
market. Skin was removed and bone was separated from
the muscle. Water distilled oevr alkaline permanganate
solution was used throughout the experimental work.

All inorganic salts used were of analytical grade.
Double refined peanut oil used as the oil phase wes
purchased from the market and . used without further
purification, ' The Interfacial tension of this ol against
double distilled water, viscosity and density a(T;ree_ Well
with the reported values®)  The GLC data of this ol
shows the same fatty acid compositions as reported else-
wherefL The oil 1§ also highly stable as no detectable
rancidity could be identified within one month- storage
period urlnlg which this work has been carried out,

Fish muscle was cut into small pieces after re_movmﬁ
bone and skin, This muscle was extracted with sal
solution of dlifferent molarity by rotating in a waring
blender at high speed for 5 miri. The slUrry was then
blended in an electric blender fitted with “perforated
socket rotated at 4000 r?m for 10 min. The slurry was
then centrrfuged at 5000 rpm and the centrifugate filtered
through filter paper. This filtrate was diluted with salt
solution having_the same molal concentration as used
for extraction. "Thus, different protein solutions (each 40
ml volume) of different concentrations were prepared
in 125 m| reagent hottles fitted with standard joints,
These solutions and a definite volume of peariut ol
were separately thermostated at the experimental
temperature for 2 hr.

e protein solutions were transferred to a 250 ml
beaker and 5.0 ml of peanut oil was added to it from a
burette. The mixture was blended in an electric blender,
fitted with a perforated socket at the bottom, at 4000 rom,
The time of emulsification was 5 min in all cases,
Immediately after preparation, the emulsion was poured
into the reagent hottles and kept under controlled
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temperature. During storage, the emulsions were occa-
sionally shaken by hand. _

The particle size and hence the surface area of the ail
droplets in the emulsions measureg after 18 hr of pre-
paration was estimated by turbidometric method8
In a Klett-Summerson photoglectric colorimeter (‘](Phﬂa-
delphia, Pa.) using red filter. Surface area was |rectI%/
read out from a turbility vs. surface area standard plot.
To draw the standard plot, five emulsions having same
composition but different particle size were taken.” Defi-
nite amount of emulsion” was taken In test tubes and
diluted five times with _the salt solution in which
protein was extracted. The turbidity of the emulsions
were measured by Klett-Summersori colorimeter.  To
measure surface area, 1 ml of each emulsion was diluted
25 1o 0 times with the continuous phase. Two drops of
this diluted emulsion were placed on a clean glass Slick,
covered with a cover slip (15x15 mm), and placed under
a microscope (Leitz, Germany)_fitted with micrometer
scale. Magnification was kept in the range of 40x16.
The diameters of droplets of different sizes were measured
with the help of micrometer scale from 4/5 different
representative field of the slide. 250/300 droplets were
measured for each emulsion. The mean volume surface
diameter (dvi) was calculated from the following
relations: ~ "

~ Nidj3-4N2023+ N3 +
M = NUR+N2J2+N 32+

S S

where N-is the number of droplet, having a diameter d,
d\ |ts_ related to the average surface area S by the
equation

6

S= d: .. @

where S 1S In units of square meters per milliliter ot oll,
It avi 15 expressed In micrometers, .

Protein concentration was determined by the method
of Lowry et all4 ~After turbidity measurement, the
emuylsions were allfwe to_crea _Qy keer% them
undlisturbed for nearly Shr. The turbid proteln solytion
below the cream was taken. out by means, of a syrl_rg]ge.
Durln%_ protein concentration determination, turbidity
corrections of these solutions against blank wes
made. Before addition of the colouring reagents, solu-
tions were diluted In, the range of 10 to 150 g 1.
Readings were taken in Klett-Summerson photoglectric
colorimeter using red filter. Protein concentration was
determined usind calibration curve made with standard
solutions of BSA (bovine serum albumin), _

Knowing the percentage concentration of the protein
solution before and after adsorption and the mean
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volume surface diameter of the emulsion droplets, Tp,
the amount of protein adsorbed, i milligrams per
square meter of the interface, was calculated from the

relation

T - Ve () )
where Ve and VO are the volumes of the continuous
Phas_e and the oil phase, respectively and C(and C are
he initial and final percentage concentrations of the
‘protein solutions, resB

Results

The usual way to present the adsorption data is in the
form of adsorption isotherm, in which amount adsorbed
15 plotted against equilibrium concentration. In the
present case also, the data are presented in the form of
adsorption Isotherms and the effects of some parameters
such as pH, 1onic strength, denaturant and temperature
on_the isotherms have been shown.

The results of the effect of pH at a constant tempera-
ture qf 28°C have been presented in Flg 1 Adsorption
experiments were carried out at pH 5.7, 43 and 8.1
Salt extract or 0.50 M strength was used as protein solu-
tion S0 that the ionic strength remains constant at (.50,
er was adjusted by suitable addition of HCL or NaOH.

he results show that the amount of adsorption varies
with pH. - Adsorption is highest at pH 5.7 and least at

H 4.3 and that at pH 8.2 _emg Intermegiate between
the two. Mareover, the initial sopes of the adsorption
isotherm is_in the same order of adsorption, .. pH
5.1>pH 8'2>PH 4.3, The other interes m%gomtt at
can De noted from Fig 1 15 regarding the shape of the
isotherm. Al the isotherms pass through a maxima
before reaching the constant saturation valug and the
maxima occurs in the equilibrium concentration range
0f.0.020 to 0.035 percent. The saturation values a p
57, 82 and 4.3 are 37, 16 and 10 mg/m2 respectively.
Another observation is that the initial rise of the amourit

ectively.
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Fig. 2. Adsorption isotherms of salt soluble fish protein on
peanut oil at different ionic strength.

0-20

of adsorption with rise in equilibrium concentration is
not linedr in nature, : -

In Fig 2 two 1sotherms at different ionic strengths
maintained by 0.5 M NaCl and 10 M NaCl have
been compared. 1t is found that amount of protein
adsorbed * clecreases with increasing ionic  strength
and saturation value ol adsorption (T™) for 1 M N&Cl

is attained at 27 m%/mZ as compared to 37 mg/m?2 for
0.5 M NaCl. Also the maxima which occurs at 0.5 M
NaCl is not found at 1.0 M. NaCl. _

. The effect of urea on the isotherm has been depicted
in Fig 3 In which two isotherms, one at 0.5 M NaCl
and the other at 2.0 M urea have been presented. It is
seen that the isotherm in presence of urea shows some
distinct steps. Initially at Very low equilibrium protein
contentration  (region” AB) adsorption 15 very. small.
Then adsorption increases (region BC) and ultimately
reaches a state of apparent saturation Areglon CD) and
this corresponds to only 5 mg/m2. ~ Aftér this région,
agsorption’ increases slowly andl tends toward saturation

=~ 60
~
9 .55
L3

£ sof o

1 1 1
0o 018 0°20

EQUILIBLIUM ¥, PROTEIN CONCENTRAT!ION

Fig. 3. Adsorption isotherms of salt soluble fish protein on
peanut oil in presence of urea.
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Fig. 4. Adsorption isotherms of salt soluble fish protein on
peanut oil at different temperatures.

Ere jon DEF} through wide range of equilibrium cocen-
rations (0.07 to, 0.2 per cent)._ The' isotherm In the
region ABCD is S-shaped. " The maxima also, dis-
appears at 20 M urea At the hlghest e%bll_mum
concentration studied for 2.0 M ureg, the maximum
adsorption corresponds to 30 m%/mi _

In Fig 4 two isotherms at 28 and 0.5°C, other physical
conditions remaining  same, have been compared.
It is found that at "6.5°C adsorption . becomes |ess
compared to that at 28°C and saturation. adsorption
at 6.5°C corresponds to 25 mg/m2. Also theimtial slope
decreases with fall in temperature.

Discussion

That the salt extract of fish muscle contains a mixture
of proteins has been reported by Dyer and Dinglel4).
The composition and the physical Characteristics. have
been studied by them by electrophoretic, ultracentrifugal
and sedimentation techniques. _The primary effect “of
changing pH of a protein'solution is the alteration in
the ret ‘charge of the protein molecule. The average
Isoelectric p (TIEPQ of the mixed proteins in the 0.5
NaCl extract of fish is about 5.2 in the adsorhed state as
measured b% the microglectrophoresis technique (Basu
et al., unpublished data). So at pH 4.3 there will be a
net gosmve charge on'the protein molecules and at
BH 2 there will e a net negative charge. Tne pH.5.7
eing very close to 1soelectric pH will impart only slight
excess negative charge on_the protein moleculeS. The
decrease i adsorption of fish protein on the peanut oil/
water interface at PH away from 1EP is due to the net
char?e_ on the protein segments. Due to the electrical
repulsion among the charged. segments, the protein
molecules may Undergo extensive Surface denaturation
leading to the’low aasorption. However, at pH 5.7, the
electrostatic repulsion is small, so tha: the protein mole-
cule may retain its compact structure. More molecules
can now be accommodated In unit area of the surface
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leading to greater extent of adsorption. 1t may be men-
tioned” in this connection that bovine serumi albumin
(BSA) adsorbs in similar fashion on peanut oil10
_One Important difference between the adsorption of
fish protein extract and BSA is that the adsorbed amount
In case of BSA lies between 0 and 4m%[m2 whereas that
for fish proteins leads to a_ value as high as 40 mg/m2
Such high values of adsorption sur%gest multilayer adsor-
ption OF fish proteins. ~Such multilayer a sorptléz)n
Specially with macromolecules, 1S very commong o
he first layer in such adsorPﬁon Is possibly surface
denatyred and additional protein molecules are‘adsorbed
on this denatured film n a manner similar to the for-
mation . of duplex filmle ~ However, alternative
mechanisms are also supgested for the formation of such
films?18 ~ Such multilayer formation may lead to In-
creased stability of the’ fish products. o

The initial sIoRes of the adsorption isotherm indicates
the affinityl9of tht, protein molecules towarqs the peanut
oilfwater interface.” This affinity is p_rlmar_lrI¥ dependent
on the kinetics of adsorption which is again a difusion
controlled ﬁrocesszo. A protein molecule with compact
structure should ditfuse faster than an unfolced mole-
cule20,  This leads to qreater rate of adsorption at pH
5.7 which is close to 1EP than at pH 8.2°or 48. This
mlgly ?lso(l) %lxplaln magnitude of adsaprtion at the three

studied,

l_o The maxima observed in Fig 1is frequently observed
in adsorption experiments both with micro-and macro-
moleculesZL  With proteins such maxima has heen
obtained by BullZand Mitia et al. 5 at lower equilibrium
concentrations.  These authors attributed the formation
of such maxima at lower values of equilibrium concen-
tratt|o_ns to conformational alterations of the adsorbed
roteins,
P Addition of a neutrai salt increases the ionic strength
of the medium, which reduces the electrostafic repulsions
between the similarly charged segments, of the”protein
molecule, both in the bulk as well as in the adsorbed
state. This may favour the compact strugture of the pro-
tein molecule fesulting In an Increase of the amount of
agsorption. However, near the isoelectric pH such
effect Will be small. Moreover, at 1.0 MNaCI congentra-
tion, the Brotem_moleculgs may undergo extensive de-
hydration24 |eading to denaguiration of the adsorbed
protein.. This may lead to oecrease in the amount of
adsorption qu_ 2). - Similar decrease in the amount of
protein ads rB lon with increase In fonic strength was
als reported by Suzawa et al.2. The unfolding at 10 M
NaCl 1s further s%)ported from the initial slopes of the
curves at Fig 2, Decrease in the affinity at 10 M NaCl
concentration 1s definitely a result of slower rate of
dlﬁys_lon which again should be due to unfolding of the
protein.
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Urea is known to he a common_ denaturant of
proteins.  The isotherm shows @ reglon of aprarent
saturation (r[egmn CD) above which_atisorption fruther
Increases. - This behaviour suggests interfacial coagula-
tion which is known to occur” readily in proteins at
InterfacesZ/ 8 The initial saturation probably corres-
Ponds t0g monol%/er adsorption and further adsorption
ncreases the number of layers, Similar results were also
found for adsorption of gelatin® which is known to be
a denatured protein. The very low affinity (region AB)
may reflect extensive unfolding of the protein molecule
even in the bulk. o

The gecrease In the amount of adsorption with de-
crease in temperature is contrary to general observation
where an_increase In the adsorption” is.usually obtain-
ed819  Tne results for the fish protein (Fig 4) may
imply a Kingtically controlled process which™can offer
an explanaion of the apparent anamolous results. The
first Step In adsorption s diffusion of protein mole-
cules from bulk to the interfaceb. The second st%)
Is unfolding and reconformation of adsorbed protein5..
At lower témperature, the rate of diffusion may be slow
compared to the rate_of unfolding. As a résult, the
?roteln molecule which reaches the interface gets un-
folded com%lqetely before a second molecule reaches the
Interface. That 15, the adsorbed molecules are mastly
denatured. At moderate temperatyre the rate of diffu-
sion may he faster than the rate of unfolding and thus
the adsorbed film may be partly nativé proteins,
This may increase the” amount of adsorption. Of
course, Some other complex factors may . berespon-
sible for the result. The results clearly” imply ‘that
hydrophobic Interaction plays the. inportant role
In the _adso;gtlon process. ' The positive entropy value
given in Table 1also supports this. _
~ Thermodynamic treatment of adsorption data is
important Aut is often _ver% complex. . Because qf the
complex nature of the isotherms and irreversibility of
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the adsorption process2, application of equations hased
on classical theimodynamics is questionable and less
ustified. However, Such treatment may be extremly
elpful for a comparative purpose. The usual procedure
to calculate thermodynamic parameters is to consider
the_initial slopes of the adsorption isothermld The
limitation of such considerations for the adsorption
a liguid-liquid interfaces has been discussed " pre-

viouslyla
Fre¢ energy change ga G) for the adsorption of fish
proteins to peanut il has been calculated on the basis

of Bull’s equationZ2 which, in simple form reack,

C
AG--rRTTp InCp-RT pr.
0

The limitations of the applicability of this equation to
adsorption data has been discussed elsewherelp.  The
standargl free energy change (AGH of adsorption per
mole of protein has been Calculated from the slope of
the linear plot of AG vs Tp (Fig 5). The standard
enthalpy change AHO for the transfer of one mole of
protein”to the” peanut oil/water interface may be cal-
culated from the relation

AG A G 1

Ty —ATl = AHam ('ﬁ‘ﬁ) .. (5)
Here AG? and a G2 are the standard, free energy
changes at Tj and T2 temperatures respectively. AH
stands for the average_enthalpy change at an average
temperature of  (Ti+T2) corresponding to an averaﬁe
free energy change AG ﬂI,:-|(|AG(31+ AG?. The
average entropy change was calculated from the equation

AG°, = AH® -T AS°v ....(6)
The values of AG® calculated from various aisvirtion
are

0
isotherms along| with_maximum adsorRtion
reported in Table 1 The average free energy, enthalpy

.

Table 1. thermodynamic and other related parameters for adsorption of fish proteins to peanut
oil/water interface

Salt pH Te
(e

NaCl 5.1 6.5
NaCi 57 28
NaC. 8.2 28
NaCl 43 28
NaCl 5.7 28
Urea 6.9 28

t No othei salt was used for extraction,

I

Salt concn A
(M) mg}sq.m. Kd/mole
05 25.13 -10.67 Ta=290.25°K
05 50.71 -10.92AH fiv= +8.0 KJ/mole
05 29.06 -9.49 A G°av=-10.8 Klimole
05 12.33 -8.40
1.0 21.44 1441 A S°av= +0.064 KJ/mole/K
4 20 29.50 -6.80
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and entropy values are alsonreg)orted inTable L It is
noted from Table 1 that A G a0es not reflect the trend in
saturation adsorption. Also, it is found that AH’
and AS'av are both positive in agreement with the pre-
vious results0l9, , L

Conclusion: ~ Adsorption of fish protein is. maximum
near the isoelectric point. At pH away from IEP.
protein gefs surface’ denatured, * Increase In_ the sait
concentration increases the degree of denaturation in.the
adsorbed film leading to less amount_ of adsorption.
Denaturant decreases adsorption. Cooling below room
temperature possibly enhances denaturation..  This
indicates that the interactions of the fish proteins with
Peanut oil Is hydrophobic in nature, This also explaing
fh% development of toughness during cold storage of
Ish,
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Studies on Anardana (Dried Pomegranate Seeds)

- J S Pruthi ADA. K. Saxena _ _
Central Food Technological Research Institute, Experiment Station, Ludhiana-141 006, India

Manuscript received 2 March 1983; revised 2 March 1984

Forty samples of Anardana (sun-dried seeds of ripe sour pomegranate) comprising authentic as well as commerciall
market samples, were analysed for their important physico-chemical characteristics. ~ The range of values was moisture
5.4-14.7%, acidity 7.8-15.4%, total ash 2.04-4.04%, acid insoluble ash 0.73-1.98%, crude fibre 22-30% and protein
(NX6.25) 4.74-6.25%.  Variation in colour was also noticed. ~ Quality standards have been proposed for the product.
Sorption studies indicated that an initial moisture content of 8.7% exerts an ERH of 62%.  Storage studies over
a period of 9 months revealed that friction-top tins were the best followed by glass containers.  In 200 gauge
polythene bags, there was loss of moisture during summer months which was regained during rainy season.  Darken-
ing in storage was the least in friction-top tins.

Dried, squr, whole pomegranate (Punica granatum L)
seeds rPorﬁ)u_larly known as Anardana, is used as an acicu-
lant in Indlian Curries, chutneys, etc. in place of tamarind
and amehur (dried raw mango) i North India. . It is
also used in Ayurvedic system of medicinel Fruits are
hand picked, cracked and seeds with flesh are, separated
from rind and septa which are then sun-dried. It i
Packed In gunny bags for the market. It s reported that
he total value of Anardana produced in the states of
Jammu and Kashmir and Himachal Pradesh is Rs. 60
lakhs per annuml Anardana has also. some export
market in East Asian countries. There is little published
Information on the manufacture, composition, packag-
Ing, storage and quality standards for Anardana2
Sttdies were undertaken™on the above mentioned as-
pects, the results of which are presented in this paper.

Materials and Methods

Raw material: - Samples of Anardana were collected
from Divisional Forest Officers, General Managers
District Industries Centres) of Jammu and Kashmir‘and
imachal Pradesh. Market samPIes were also procured
from Ludhiana, Jammu, Amritsar and Simla.  The

collected samPIes were filled into clean airtight glass jars
and stored at 4°C. _
Foreign matter in. Anardana was determined by
separating the septa, rind, stone, mud, etc from 100 g of
the sample and’ weighing. - Colour was noted by a
panel of judges by vistial observation. Aliquots. of
powdered ‘saniples were utilized for the determination
of moisture, acidity, total ash, acid insoluble ash, crude
fibre, reducing, non re_ducmP and total sugars, ether
extract and crlce protein fol owm? standard A.O.A.C,
methods4. For the obg_ectlve evaluatign of the colour of
Anardana, optical density at 435nm of 100 ml methanolic
extract obtained from”10 g of sample usmsq methy|
alconol containing. 1 per “cent HCL in a Spectrocol
photoelectric colorimeter, model CL-23. *
Equilibrium - relative humldlt)é (ERH) studies were
conducted by Wink’s Weight ?ulllbrlum_method_a
Storage: Anardana samples were stored in glass jar
with screw caps, friction top tin cans, and_heat sealed
low gensity polythene bags (200 gauge) (LDPE) for 9
months at room temperature (13 to"38°C) and 30t0 90 per
cent RH.  Cnanges In visual colour, moisture, aciality
and optical density of methanolic extract were determi-
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ned at intervals of 0,36 and 9 months storage by Results and Discussion _
O.AC. proceduresd. . _ Chemical comP03|t|on: All the 40 samples contained
Frequency distribution histograms and formulation of foreign matter like septa, rind, mud and small stone
quality standards for Anardana: Based on the results pieces. It ranged from L5t 65 per cent. . Himachal
of analysis of 40 samples of Anardana for afew important ~ Pradesh (HP) samg}Ies had slightly less foreign matter
quality attributes like absence offorelgn matter, moisture,  (15-2.5 per cent). The moistur® ranged from 514 to 14.7
acidity, total ash, acid insoluble ash, and cruge fibre, per cent, acidity (s citric acid) from7.8 to 15.4 per cent,
frequency distribution h|_storﬁ|am of each qua||t¥ attri-  total ash from'2.04 to 4,04 per cent, acid insoluble ash
bute was constructed which Relps, in subsequent formu-  from 0.75 to 198 per cent, reducing suPars from 9.26
lation of draft quality standaids for each quality to 168 per cent rgtotal sugars were almost_same or
characteristic. slightly Righer than reducing sugars), crude fibre from

Table 1. composition of anardana procured from jammu and kashmir, himachal pradesh and Punjab

_ Foreign Moisture Acidi}y - Sugar Ash Crde 0D,
Source Visual  matter* (@ % Reducing Non-re- Total Total Acidin-  fibre  at
colour %) (%) citric) (%) dl(m;]g %) (%) so(l&t;le (%) 435 nm
% o

Jammu & Kashmir State

DFO Jammu LB &R 3.5- 8.3- 9.6- 9.3- 0.1- 93- 2.52-  0.95- 226-  0.83-
45 104 129 16.2 08 166 35 105 300 098
Jammu market > 3.5- 64- 119 11.8- 0.7- 142- 2%  1.10- 25.0-  0.67-

4.0 9.4 128 134 4.6 169 323 198 255 070
DFO Udhampur BR.LB.DR  4.0- 14 111 13.2- 0.3- 135 2.65 0.87- 256  0.83-
6.5 122 121 158 0.7 165 325 112 295 096
Udhampur maiket 4.5- 74- 121 13.2- 0.6- 138 282- 125- 23.4- 0.86-
50 78 139 09 149 285 18 252 089
DFO Batote LB & R 2.5- 53-  117- 11.2- 41-  165- 245- 091 26.0-  0.88-
2.6 5.5 127 120 52 170 210 112 210 0.89
DFO Riasi R 2.8- 8.7-  10.2- 14.3- 11- 155- 240- 1.05- 26.7-  1.00-
39 106 154 154 16 169 33 110 295 115

Himachal Pradesh State
DFO Padar LB &R 21 105 10.3 140 0.4 144 242 080 256 065

DFO Sinahan b 2.0 105 110 168 0.4 172 25 098 250  0.66
DFO Dalaha I’ 2.5 110 120 16.0 0.2 162 232 0% 220 0.7
DFO Diang , 2.5 8.8 119 140 0.2 143 204 095 260  0.76
DFO Nagarota . 15 9.5 113 130 04 135 204 102 250  0.70
DFO Simla 5 2.0 9.8 120 123 0.5 128 23 112 25 075
Simla market > 2.0 6.7 122 125 33 162 346 116 235 080

Punjab State

Ludhiana Market DR & LB 2.5 59- 1.8- 11.0- 02- 144- 302- 0.73- 26.5-  1.20-
50 120 122 156 45 170 404 158 290 180
Amritsar market LB & DB 3.0- 6.8 8.9- 110 2.7-  146- 2.87- 092- 26.5-  1.10-
45 147 118 131 52 175 373 184 282 165

Results are expressed on as is basis.
“Includes rind, septa, stone and mud pieces.
LB: Light brown; R: Red, BR: Bright red; DR: Dark red; DB: Dark brown.
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22 t0 30 per. cent, ether extract from 0.25 to 0.63 per cent
estimated in 21 samples) and crude protein from 4.74
0 6.25 per cent Q_Table 0. N
Equilibrium relative hum|d|? studies:  With an injtial
moisture _content of 8./ per cent, Anardana exerted an
ERH of 62 per cent and there was E)racncally no chan%e

In colour (Clarkening) and texture (Softening) (Table
Table 2. r.h. and equilibrium moisture relation for dried
GRANATE SEEDS (ANARDANA)
RH(%) EM.C%  Colour Texture Remarks
20 36 Light brown  Crisp, free No darkening
flowing
30 4.2 " " LR
40 49 9 9 9
50 6.7 . i "
60 1.7 i 0 -
70 118  Slight dark Slight Darkened
brown caking
80 188 Dark brown Heavy o
moist sample caking
90 51.7 o 0 Darkened,

mould appeared
Initial moisture 8.7%

Taé)LIKSg». changes IN ANARDANA DURING STCRAGE PACKED IN

JAR, PO BAG (200 GAUGE) AND FRICTION-TCP TIN
Storage Moisture  Acidity (as 0.D.
period (%) % citric acid)  at 435-450

(months) (MFB) nm
Glass jar

0 109 158 1.20

3 9.3 140 145

6 9.9 100 170

9 98 9.9 175

Polythene hag

0 109 16.8 110

3 58 136 115

6 104 102 1.90

9 100 9.9 1.95

Tin can

0 109 158 110

3 9.3 140 155

6 9.6 105 1.85

9 9.6 9.9 1.85

_ Visual colour of samples in ah tne containers was; at initﬁal,
light to dark red; 3 months, light brown to dark brown; 6months-
light brown to dark brown; and at 9 montns-dark brown to black.
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Further, practically no change in colour and texture
was noticeable upto 60 per cerit RH, while at 70 per cent
RH, slight caking took place and colour also darkened.
Mould growth appeared only in one sample at 57.7 ﬁer
cent maisture level at 90 per cent RH but in all other
samples, it did not appear even at 90 per cent RH.
During 9 months” Storage of Anardana in three types
of containers, the colour thanged from red to brown,
Samples showed slight change in moisture (L to 1.2 per
cent) in glass jar and tin coritainers, but in LDPE bags
moisture” decreased during summer months from 109

to 5./ per cent but increased during rainy and winter

months (5.7 to 104 per cent) which can te attributed
1) o
2
A |
2_ 4 8 2 3 4 3
Foreign Matter (Percent) loa £ (Percent)
3 B =
® ®
0
. ")
i 2
RE 2
0 68 phHRH Thres
g (Voisure Persp) Add rsolble A (Percen)
P I € H
S
C ]
*

gACiI Pélrzcem}ﬁfn 2'zC ai . 26 l;z's téo
01 ?AF) Frequency Distribution Histogrrlzjinels (l)?r? Sr aen)

Physico Chemical Quality Parameters of Anardsna.
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(final) at 435-450 nm (Table 3). No insect or. mould
Table 4. regional variations in the chemical composition of Infestatlon Was noticed.  Because of the minimum
ANAR DANA Ph sico-chemical . changes, storage of Anardana in
riction top tins_is_recommended out cost considera-
J & K Himachal Pradesh  Punjab tions favour LDPE bags.

Parameters nace A Race Ave Rante A Proposed guality standards: Based on the study on
& w0 me (4 g [requency distribution histograms (Fig 1A-F), the fol-

Corein lowing . quality specifications are Proposed. _
O (%) 2565 42 1525 21 25-50 35 FOTRIOn matter. max o per cen gWMQ; moIsture,
. max 12per cent: acidity not less thanV per cent (W/\/\Q'
Moisture (%) 5.2-122 87 6.7-11.0 9.6 5.9-147 105 total , maxA per Cent, ac|d msolube ash' max 1 5

Acidity (%) ~ 96-154 119 102122 115 78122 102 per cent and crude fibre max 29 per cent,

Total ash (%) 24-35 29 20-35 26 28-40 34
o Acknowledgement
Acid insoluble . .
ash (%) 09-20 11 0812 10 07-18 13 _Authors wish to thank Mr. C. P. Natarajan, former
: Director and Dr. D. P. Sen, former Chairman, Ex-
All the results are exp-essed on as is basis. nterest In this investigation.
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Papads of Punjab

J S Pruthi, J K Manan, C L Kalra and B. L Raina
Central Food Technological Research Institute, Experiment Station, Ludhiana-141 006

Variability in the Physico-(c{hemical Characteristics of Spiced

Manuscript received 8 September 1982; revised 23 December 1983

Proximate physico-chemical composition of commercial spiced papads of Punjab was determined.  Results indicate wide
variations in moisture content from 10.7 to 18.2%, total ash from 8.4 to 11.65 %, acid insoluble ash from 0.18
to 0.46%, ether extract from 2.1 to 3.65%, pH from 7.55 to 10.05 and alkalinity of ash from 1.38-3.07%.  Fre-
quency distribution histograms were constructed for physico-chemical characteristics of papads and results were critically
examined and compared with the existing quality standards. ~Analysis of commercial papads also indicate wide variation
in average weight (15-24¢), mean diameter (158 to 18.6 cm), and mean thickness 10.72 to 1.27 mm) which were
in accordance with the existing quality standards.

Among the traditional savoury foods, ‘Papad’, which are popular in the Indian dietary. They are mostly
‘Appala’, ‘Papadam’ constitute an important group manufactured on cottage scale or home scale. During

5
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1979-80, papads worth about Rs. 2218 lakhs were
exportedl from_ India. _

hysico-chemical analysis of commercial samples of
papads in India, is reported n the literature”. The
present Paper covers the results of physico-chemical
composition of 35 samples of salted and spiced. black
gram papads. Stydies were unclertaken on the variations
inphysico-chemical composition of spiced papads
from different producing Centres.

Materials and Methods

Thirty five samples of salted and spiced F(black ram
flour) papads we egrocured from the market_In three
Important towns of Punjab, namely, Amritsar, Jullundur
and Ludhiana. All the samples were kept in airtight clos-
ed bottles in a refrigerator for analysis. These samples
were then powdered (30 mesh) and analysed for total
ash, acid insoluble ash, ether extract, crude fibre, alkali-
nity of ash, welght, diameter, thickness and pH, by, ISI
methods3  Protein and common salt were determined
by standard AQAC methods4.

Frequency distribution histograms were drawn for
each physico-chemical charactéristic of papads.

Results and Discussion _
Physical characteristics of papad: Mean diameter of

Table 1. variation in some physico-chemical characteristics

OF PUNIAB SPICED PAPADS

Characteristics Range  Mean ISP
Weight (g)* 24.00-15.67 2048 15-23
Diameter (cm)* 18.64-15.84  17.14 5-23
Thickness (mm)* 1.26- 072 1.00 05-1.2
Moisture (%) 18.20-10.70 1323 1215
Total ash (%) 11.65- 840 963  max. 120
Acidinsoluble ash (%) 0.46- 016 030 max. 02
Fat (%) 375-210 292 max. 3.0
Salt (as NaCl) (%) 6.66- 306 508 max. 6.0
Alkalinity of ash

(as Na2C03) (%) 3.07- 138 174 max. 22
PH ag. ext. 10.05- 7.55  8.96 8.0
Crude fibre (%) 0.54- 034 046 max. 10

“Samples analysed were only 30, whereas for others 35 samples
were analysed.
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Papads ranged from 158 to 186 cm., mean weight
anged from'15.7 to 24.0 ¢ and mean thickness range_d

from 0.72_to 128 mm which conform to ISI spaci-
fications (Table 1)

Proximate chemical composition of papads; — Moisture
content of papads varied from 10.7 to 182 per cent,
total ash from 8.40-11.65 per cent, acid insoluble ash
from 0.16-0.46 per _cent, ether extract from 2.10-3.75
er cent. pH from 755 to 1005 and alkalinity of ash
rom 1.38-3.07 per cent. Papad contains on ar average
508 per cent salt as sodium chloride. Results were
summarised in Table 1

Frequency distribution histogram: Frecwe_ncy distri-
bution' histogram on - physicd-chemical attributes viz,
moisture, tofal ash, acid nsoluble ash, salt, fat alkali-
nity of ash #H, cruck fibre, mean Welgh_t, mean diameter
and mean thickness of 35, samples ot Spiced papads were
constructed and shown in_ Fig L The range and mean
values for each parameter is répresented in Table 1 and
compared with the ISI specification3, Moisture content
acid nsoluble ash, fat and pH of the aqueous extract
of papads do not conform to the ISI specification while

the”. remaining parameters conform to the ISl

specification.

Moisture: 85.7 per cent of samples fall between
the moisture content of 10-15
per cent

Total ash: All the samples FlOO per cent) have

. ash content of 8.0-12.0 per cent

Acid insoluble _

ash: 829 t?er cent of samples contain
0.16-0.35 per cent

Common salt ~ 94.3 per cent of the samples have

(as NaCl): 3.0 to 6.0 per cent common salt.

Fat: 88.6 Per cent fall between 2.0 and 35

N ef cent

Alkalinity of ash: 729 per cent fall between 1.25 and
20 percent.  »

pH: 77.9258er cent fall between 7.50 and

Crude fibre: Al the samﬁles haye crude fibre
%(;/ntlesrit within the limit prescribed

Mean weight: 9.7 Iﬁ)_erl cent of the Samples. fall

_ within the prescribed 151" limit,

Mean diameter: ~ All the samples have the mean

diameter as prescribed by ISI.

Mean thickness: 933 per cent of the samples have

he' mean thickness prescribed
y 151,
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Fig. 1. Frequency distribution histograms of papads
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Coordination compounds of silicophosphates such as tricalcium trisilicophosphate CSP-332, bulk density 0.28 g/ml; tri-

calcium trisilicophosphate, CSP-332A, bulk density 0.16 g/ml; hydrogen form of tricaldum trisilicophosphate,

CSP-332H,

bulk density 0.14 g/ml; monocalcium silicophosphate, CSP-112; and monocalcium silicophosphate (hydrogen form), CSP-
112H were tested to elucidate their effect on the development of Tribolium castaneum, Rhizopertha dominica, Oryzae-

philus surinamensis, Sitophilus oryzae, and Trogodenna granarium in milled rice.

The general expectation of these

silicophosphate compounds, proved to be toxic to the test insects and toxicity manifested itself in the form of extended

developmental period, retarded growth and lowered rate of progeny (Fj) emergence.

Out of these silicophosphate

compounds, tricalcium trisilicophosphate, CSP-332H (hydrogen form), resulted as highly effective to control all five spe-

cies of test-insects at 1.0 and 1.5% concentrations in milled rice.
332H was also found to be least suitable for the development of T. castaneum and R. dominica.

Rice treated with 0.5% concentration of CSP-
No growth indices

of T.castaneum, T.granarium and O. surinamensis were observed in rice treated with 1.0 and 1.5% concentration of

tricalcium trisilicophosphate CSP-332A.
form) were effective to control 0. surinamensis.

in rice treated with 1.5% concentration of this compound.

Same concentrations of monocalcium  silicophosphate  CSP-112H (hydrogen
Moreover, no growth of T. castaneum and T.granarium were recorded

Rice treated with monocalcium silicophosphate CSP-112

was found to be susceptible to the infestation of all species of test insects.

In orcler to_prevent insect infestation in food grains,

non -foxic grain protectants could be used which are
highl effectlve against most stored grain pests. - They
do not leave hazardous chemical residues, rlnﬂuence
the colour and flavour of treafed grain nor impair germi-
ﬁtlor}] Krish amurth etall. r8 rnorted that tricalcium

ate and naturally occurring silicate compounds
exerted a heneficial action on growth when fed to rats
In their diets,

Little attention is ?lven to evaluate non-toxic inorganic
compounds as insecticides to contral stored ?ram ests.
From the fmqus reported by Majumder et al.2 it 1S
concluded that all the stored grain pests are susceptlble
to calcium Phosphate In milledprodicts and wh oIe grain,
Wohlgemuh and Singhd. observed that the lazing of
n?ec ated with h dy {f us silicate of ma ne3|u
talc), has a||m|te erfect against the in estatlon
species of stored gram pests

No attempt has been made to study the effect of silico-
phosphate compounds on the devélopment of stored
grain pests. Hence, in the present stuay, efforts have been
Madke to determine the effect of silicophosphates on the

|nera
Some
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deveIoPment of five common species of stored grain
pests In milled rice.

Materials and Methods
Tl e3|||coph0 é)hates Utilized | |n this investigation have
been synthesize by the Proce ure developed |n th|s
laboratorys®,  Calcium silico hos hates of two d
rent compositions, Ca3(Si02 3P A2 and CaFL"S|C")
> 2 WEre obtained whlte amorp hous matenals
ls0, S|||c0phosi)hate in the hydrogen orm avmgte
chemical formulae HeiS|022<3 PO42 and ~SIC™0 f
P04 were prepared as fon-exchan rqe derivatives of ca
cium silicophosphates. Calcium silicophosphates havm?
different bulk densities in the range ot 0.14 t0 0.28 ¢/
were also obtained by varying the experimental condi-
tlons for their formation.

Five Species of | |nsects name Sltophllus oryzae Linn,
Tribolium castaneum Herpst, Ir:yzaep 1lus sunnamen3|s
Linn, . Rhizopertha  dominica Fab an Trogoderma
granarium  Everts were sutgected to this study.

Milled rice was disinfested by subj ectln(tq to a’tempe-
rature of 55aC for 4 hr and afterwards treated separately
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with 0.3, 05 10and 15 per cent of tncalcmm tn3|||c0

Phos phate, CSP-332* _bulk density 0.2 ﬁ/ml trical c|um

ISI|ICO hos hate CSP 332A%, " bulk densi %gt
X en orm of tncalclum tr|S|||coPhosp ate
bu ensltay mI monocalcium silicoph

nd rogen form of monoca c|um

s|||coph0sphate CSP- 11 H*." The treated rice was then

conditioned by keeping, for three weeks  in petri dishes

in desmcators maintal mg 75 per cent RH' by means

of NaCl saturated soluti

The experiment was designed. to determine the de?ree
of Insect mortality in treatéd milled rice in each of four 3
replicates by releasing separately 100 adults of one week 3
old experimental ingects. In case of T. granarium adults
were 24 hr old. Each replicate consisted of 250 tg
rice and the insects were exposed for Seven days, Af the &
end of the seventh day, per cent adult mortality were
noted whereas in case of T. granarium, mortality was
counted at the end of fourth day. Wherever the control
registered mortality, the erc ntage mortality I the
tréated rice was correcte for trie mortality7.

Fifty adults of each. experimental Insects, 07 days
were placed separately in glass jars containing, 2 dq of
disinfested rice and Iéft for one week. After the a uts
were discarded, the rice was allowed to . remain until
the full emergence of next generation. This was carried
out to acclamatize the, Inséct to the test milled rice.

The reproductivity trial was carried out with the adults
of test insects emerged in the rice ol above trials. Fifty
aqults were released on experimental 250 g rice treated
with different levels of silicophosphate compounds for
one week. After the adults have been removed from the
rice, It was left und|sturbed until the first adult of Fj

eneration Was seen to have emerged. These adulfS

re removed subse uentI%/

at frequent intervals (usually
each dajy ), until all the F

generatlon Was Seen ‘0 have

The suitability of rice grain coated with silicophos-
Bhates was assessed for the development of insect on the
asis of adults emerged (FP and length of developmental
period (the days néeded or emergence of 50 per cent
of Fi qeneratmn? .., on the basis of smttablllty Indlex8,
élll_ltesswere carried out at 28+2&C and /5 per cent

Results and Discussion

The biological effectiveness of silicophosphates against
T, castaneum, R. dominica, Q. sunnamensls S. Qryzae
and T, grananum Were Jud ed on the basis o mortality,
emergency of P geny |ndex of suitab ||%

Insect mortality.” The results of the Insect mortal |h/
(Fig. 1) indicaté that the mortality of adults of

} These abbreviations are used throughout.

silicophosphate as new insecticide
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Fig. 1. Mortality of different insects released in the %raln
treated with différent concentrations of CSP-332, CSP-332A

CSP-332H, CSP-112 and CSP-112H

castaneum in milled rice treated with CSP-332A at 0.1
10 and 15 per cent levels were 825, 935 and 995
per_cent respectively. \Whereas 735 per cent mortali
T. castaneum was recorded n rice treated with CS
332 at 15 per cent level, and at the level ?]of03 05an
1.0 per”cent, the mortality was poor. The levels of 1
and 15 per cent of CSP-112H reglstered 5.0 and 807
per cent morta| of T. castaneum. In the case of this
Insect, the 0.3, 0.5, 1.0 and 158er cent Ievelsof CSP-112
registered mortalltles of onl 15 per
Cent, respectively. Itwas observed that CSP 332H, pro-
duced compara vey hi 5gh of T. castaneum'and
T, grananum at 0.3, 05 10and 15 per cent levels. In
case of T. granarium, a 100 ger cent mortaljty was recorc-
ed In the nce treated at 15 per cent level of CSP-332H
and CSP-332A. Whereas at level of 1.0 per cent of these

mortali
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Table 1. mean number of progeny (Fj)emerged and developmental period in milled rice treated with different levels of

SILLCOPHOSPHATES

Progeny emerged (nos) and developmental period Progeny emerged (nos) and developmental period
Insects Edays) at the indicated levels of treatment Insects (days) at the indicated levels of treatment
0.3 05 10 15  Control 03 05 10 15  Control
Tricalcium trisilicophosphate CSP-332 Sitophilus 1425° 10504  6.50/ 050« 18150*
Tribolum  1525° 1000  500° 2754 4700, Onve (300) (3575 (3650) (37.00)  (28:0)

castaneum  (3225)  (3300) (36.25) (35.25) (29.00)  Oryzaephilus 550"+ 3004 000 000  21.00/
Rhiopertha  2375°  1300% 1050% 4504 34000 Surinamensis (2923)  (3400) 1-) (o)  (27:30)
dominica  (3475)  (36.00) (3750) (4125) (30.00)  Trogoderma 850  450° 1004  025°  35.00/
Sitophilus 85.50° 4550 17.00° 12504  181.30* granarium (4225) (4523) (4835) (4700) (3400)

oryzae (3125)  (3250)  (34.25) (33.00) (28.50) Monocalcium silicophosphate CSP-112

Oryzaephilus ~ 850°  750°  550°% 075 20.00/  Tripolium 2250  2050°  1400*  950*  47.00»
surinamensis  (29.00) ~ (3L75)  (3250) (35.00) (12750)  castaneum  (28.00)  (28.50) (3L00) (3L75)  129.00)
Trogoderma  16.50°  1450°  525*  300° 3500»  Rpiopertha  27.50°4  2250° 20.50°  8.00*  34.00°
granarium  (39.25)  (4225)  (46.00) (4750) (3400)  dominica  (3L75)  (31.75) (32.00) (35.50) (30.00)

N _ Siophilus 17825 14150 10775 5125¢  18L50°
o Tr'ig'gg{'f ”'S";C?SDOhOSpthGZSC/SP 332;\5/ oy TP BT @5 @5 @Y @
ripolium , . . . UU»

Oryzaephihis 1350/  1050°  10.75°  850°  2L.00°
castaneum (3350)  (3650)  (3800) (40.00) (900) g panenss (675) @175 (3000) (2975)  (27.50)
Rhizopertha  15.75%  9.50*  7.00°  2.00/  34.00°

o Trogoderma ~ 28.00/  26.00/  25.50/ 19.00°  35.00«
doninica  (3575)  (37.9) (3900) (8233 (B000)  oooan (3850)  (4L25) (4275) (4350)  (34.00)
Sitophilus 26.25°  21.00° 12500  9.004 181.50*

oryzae (32000 (3350) (36.00) (37.75) (2850) Hydrogen form of monocalcium silicophosphate CSP-112H
Oryzaephilus ~ 750°% 450 0.25° 0.00  21.00/ Tribolium 15.00° 1250°*  7.7%° 0.50/  47.00«
surinamensis  (2950)  (3400)  (36.00) (- (2750)  castaneum (36.00)  (36.75) (3750) (40.00)  (29.00)
Trogoderma 3.05% 6.50* 9 950 125 3500» Rhizloperlha 9.50*° 7.00°4 5,004 1.75/ 34.00°
granarium (4L50)  (4450) (4750) (42.00) (34.00) dominica (35.75)  (36.50) (36.00) (41.00)  (30.00)
S Sitop tilas 1775 1375°4 10504 250« 18150*
Tricalcium trisilicophosphate CSP-332H oryzae (3125  (31.00) (33.00) (33.00) (28.50)
Tribolium 7.00° 425 0.00 000  47.00»  Oryzaephilus 750  575¢ 175  0.25°  21.00/
castaneum ~ (38.00)  (38.00)  (-) () (2900)  surinamensis (30.25)  (31.00) (35.15) (38.00) (27.50)
Rhizopertha  5.75" 3504 125/ 000  3400°  Trogoderma  2050°  1450°  7.00* 1254 3500
dominica (35.50)  (39.00) (40.66)  (-)  (30.00)  granarium  (4200) (42.75) (75.75) (54.50) (34.00)

The figures in parenthesis denote the average developmental peiiod in comparison of mean reproductivity on rice tieated with different
|g¥gls ofsilicophosphates are match of single species. The means followed by tne same ietter do not differ Significantly at 0.05 probability

Each figure is the mean of foui replicates.

silicophosphates, 97.0 and 945 per cent mortalities, —considerably poor progeny was produced in the rice
respectively, were recorced. treated at 0.5 and_ 1.0 per cent levels of CSP-112H and

rogeny: The results obtained on the. progeny the rice treateq with 15 per cent CSP-112H was found
emerged In rice treated. at different levels of silicophos- to be Teast suitable for the_ reproduction of O. surina-

hates are summarized in Table L The yice treated with  mensis and T. castaneum. Similar results were obtained
,P-112 at 0.3, 0.5 and 10 per cent levels registered for rice treated with 10 and 15 per cent levels of CSP-
significantly higher pro_?_eny mergence of all ‘experi- 332A, No progeny emergence of T. castaneum, O,
mental insécts, and significantly low progieny emergence  surinamensis and"R.” dominica was_recorded In the rice
was recorded In the rice at 15 per cent Tevel. Whereas treated with 15 per cent CSP-332H.  However -rice
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treated with 1.0 percent level of CSP-332H was recorded
to he immune to the infestation of O. surinamensis,
Significantly poor reproductive rate of T. granarium and
S. oryzae Was recorded in rice treated with CSP-332H at
15 per cent levels. Whereas moderate ﬁrolgeny of T
castaneum and T. granarium emerged In the rice treated
with CSP-332A at 1.0 and L5 per cent levels,
Developmental dpenod: Offspring emerged in the
experiment carried out for getermining the cevelopment
period from rice treated with different levels of silico-
hosphate compounds which were exposed to oviposition
or 7 dlays. The developmental period of each species of
experimental insects 1S best measured from the middle
of ovipasition period to the middle of period in which
the adult emerged. The develcgpmental 2oenod dags)
gTabIe 1) of T. castaneum varied from 32.25.t0 35.25;
2510 36.25 and 32.25 to 33.00 days on the rice treated
with CSP-332 at 0.3 to 15: 0.3 t0 1.0 and 0.3 to 0.5
per cent level. The developmental period of all experi-
mental insects on rice treated with CSP-112 was com-
paratively short. ~ The developmental period of R.
dominica” varied from 34.75 to 41.25; 34.75 to 36.00;

36.00 to41.25 and 37.5 to 41.25 days on rice treated with

CSP-332 at 0.3t 15; 03 10 0.5; 0.5 to L5 and 1.0 to
15 per cent levels, respectively.. Similar trend of deve-
lopmental period was recorded in case of S. oryzae, O,
surinamensis and T. granarium.  The developmental
period of T. granarium on rice treated with CSP-332H
Was comparafively longer. 1t varied from 48.33 to 5/.00
dagls on glram treated with 10 to 15 9er cent levels of
CSP-332H as compared to 46.00 to 47.00 days on rice
treated with same levels of CSP-332A, and 45.75 to
SILESEI days on rice treated with identical levels of CSP-

The length of developmental Renod was found t0
be inversaly (Proportwnal to the reproductive _rate
In rice tredted with different levels of these silico-
phosphates, .

Index of suitability: The_ results pertaining to the
suitahility of rice treated with silicophosphatés to the
growth of five species of experimental insects are sum-
marized in Tables 2 and 3. The data indicate that rice
treated with CSP-332A at 10 and 15 per cent levels were
Immune to the attack of T. castaneum and O. surina-
mensis. NO growth indices of T. castaneum, R dominica,
0. surinamensis and Tl._?ranarlum were recorded in therice
treatedwith CSP-332Hat 1,0 per cent leveland no growth
Index of S. oryzae was registeredl in the rice treatéd with
CSP-332H at"15 per cent level. The rice treated with
CSP-112 was comparatlyelg/ susceptible to the infestation
of all species of experiméntal insects. However, slow
growth of T. castaneum, R. dominica and T, Fgranarlum
were recorded on the rice treated with CSP-112H, at
1;0 per cent level and no growth of O. surinamensis and
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Table 2. comparative susceptibility of grain treated with

DIFFERENT LEVELS OF SILICOPHOSPHATES

B Susceptibility index* at indicated levels
Silicophosphate

03 05 1.0 15

Tribolium castaneum
CSP-332 8.44»" 6.97"* 4.43* 2.86"
CSP-332A 6.62" 479" 0.00 0.00
CSP-332H 512" 381* 0.00 0.00
CSP-112 11.11° 10.59** 851 7.09"%c
CSP-112H 7.52" 6.87"* 5.46"* 0.00
Untreated 1327 1321 1321t 1321

Rhizopertha dominica

CSP-332 9.11% 7.12¢ 6.27"* 3.64"
CSP-332A 7.71" 6.04“ 498" 163"
CSP-332H 492" 3.21% 0.00 0.00
CSP-112 10.40% 9.80¢ 9.43" 5.85*
CSP-112H 6.20“ 533" 447" 1.36"
Untreated 1.7 11.72* 11.72" 1.7

Sitophilus oryzae
CSP-332 14.23" 11.74* 8.26" 7.21%%
CSP-332A 10.21* 9.00 7.01"* 5.82¢**
CSP-332H 7.59* 6.57" 5,12 0.00
CSp-112 18.34* 1753 1717 12.02*
CSP-112H 9.20¢ 8.19“ 719 .11
Untreated 18.25% 18.25" 18.25" 18.25"

Oryzaephilus surinamensis
CSP-332 7.37% 6.34" 5.24"* 0.00
CSP-332A 6.83" 4.42* 0.00 0.00
CSP-332H 5.82¢ 3.18* 0.00 0.00
CSP-112 9.72" 8.47" 7.99¢ 7.19%*
CSP-112H 6.66* 5.64" 0.00 0.00
Untreated 11.07% 1ior 1107 11.07%
Trogoderma granarium

CSP-332 7.14¢ 6.32" 3.60* 2.30*
CSP-332A 5.08* 4.20¢ 1.70* 0.00
CSP-332H 5,06 3.32% 0.00 0.00
CSP-112 9.32“ 7.89" 7.48* 6.84"*
CSP-112H 7.19% 6.25" 4,25 0.00
Untreated 10.45% 1045 10.45" 10.45%

The comparison of index in the different treated rice are made
for sm%Ie species and chemicals. The means followed by the same
letter do not differ significantly at the 0.05 probability level.
Abbreviations as in Table 1
Each figure is the mean of four replicates.

T x 10

“Susceptibility index=log e
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Table 3. growth test insects in rice tr

CONCENTRATIONS OF SILICOPHOSPHATE

eated with different

T. castaneum
0.3 05

+ t4+
+4 t44

15

++
+4+
+44

10

Silicophosphate

CSP-332
CSP-332A
CSP-332H
CSP-112
CSP-112H
Untreated

| L

+ + t4+

R. dominica
CSP-332
CSP-332A
CSP-332H
CSp-112
CSP-112H
Untreated

t
++

+ |+ |
I+
+
1+ | + 1+ I+
+

5 oryzae

CSP-332
CSP-332A
CSP-332H
CSP-112
CSP-112H
Untreated

[
[ L
+

0. surinamensis
CSP-332
CSP-332A
CSP-332H
CSP-112
CSP-112H
Untreated

+ ++4
+44
t+4

+ |+
4+ | + 1+ I+

|

T. granarium
CSP-332
CSP-332A
CSP-332H
CSP-112
CSP-112H
Untreated _

Abbreviations as in Table 1

+++ = Immunity; ++= least su_it,abilitfy; A= corresponding
slow growth and —=more suitability of growth.

+ ++
++

FHE 4

III+I+|
| I+ ||+|+|+

+
t

T. castaneum were recorded in rice treated with 1.5 per
cent level of CSP-112H. The rice treated with CSP-332H

was least suitable for the growth of T. castaneum and R.

dominica at 0.5 per cent level, \Whereas rice treated with

15 per cent level of CSP-332 was also least suitable for
the growth of T. castaneum and T. granarium.

JOURNAL OF FOOD SCIENCE AND TECHNOLOGY, VOL. 21, SEPT.JOCT. 1984

From the foregoing results, it is evident that rice
treated with CSP-332 and CSP-112 was more suitable
for the growth of S. oryzae than the rice treated with
CSP-332A, CSP-332H and CSP-112H. Moreover, CSP-
112 was not found effective to control even a single
species of experimental insects. Poor reproduction of

. castaneum, R. dominica and T. granarium were
recorded on rice treated with CSP-332.. Rice treated
with CSP-332A was found least  suitable for the
development of R. dominica.. Rice treated with
CSP-332A was immune to the infestation of T. grana-
rium at 15 Per cent level. Rice treated with CSP-112H
was found to be effective to control T, castaneum, O.
surinamensis and T, granarium at higher levels only.
Rice treated with CSP-332H was immuine to the infesta-
tion of all species of experimental insects at 10 and 15
per cent level and rice treated at 0.5 per cent level was
also found to be least suitable for the grovvth of T,
castaneum_and R. dominica.  Majumder and Banu?
have obseived that all the stored, r?ram pests are suscepti-
ble to tricalcium Wos?hate In milled products and whole

rain. Recentlg/ oplgemuth3 and Singhé reported that
§Ia2|ng of rice cogted with hydrous silicate of magnesium
as a limited effect (?galnst the infestation. 0T some
species, of stored proauct pests.  However, rice treated
with silicophosphate in hydrogen form, CSP-332H was
observed t0 be’ Immune t0 the infestation of 5 Species
of experimental insects at 1.0 and 15 per cent level. The
biological effect of silicophosphates was more enhanced
than Other sorptive materials though all these compounds
contained silica as the common’ radical, Amagng the
silicophospnates studied, the hydrogen form of silico-
Phosphate was found to be highly effective to. control
est Insects In milled rice as compared to silicophos-
phates in calcium form. However, the calcium form of
silicophosphate  CSP-332A, having the lowest . bulk
density of 0.14 g/ml was also considerably effective in
controlling T. granarium, T. castaneym and, O. surina-
mensis. ThiS may 0e dug to the reduction in moisture
content in rice to certain degrees at dififferent levels.
For_similar purpose, f\ compound called ‘silicron” con-
taining fine particle silica is'used to protect stored pro-
ucts against moistured, _

S|||co%hosphates have been found to have ion-ex-
change property by virtue of three negatively charged
phosphate ionic bonds as fixed matrix ‘at which cation
exchan%e takes place resulfing in in vitro h%dr_ogenatmn
and dehydrogenation in insécts thereby Killing them,

The in vitro 1 drolgenatlon and deh%dro enation_of
enéyme molecules were caused by CSP-332H and CSP-
33ZA, respectively. However, the'in vitro hydrogenation
of enzyme molectiles by CSP-332H was more severe than
their Oehydrogenation” by CSP-332A as enzyme mole-
cules seen to’have moré affinity for H ions” (hydroge-
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Nutritional Evaluation of Eucalyptus kirtoniana Seed Meal and
Acacia auriculaeformis Seed Protein in Rats
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Defatted Eucalyptus kirtoniana seed cake was analysed for nutrient composition and amino acid profile before and after
detoxification.  Acacia auriculaeformis seed (ASM) protein isolate was also analysed for its chemical composition in-
cluding amino acid profile. ~ Nutritional evaluations of eucalyptus seed meal of either crude (CEM) or detoxified (PEM)
and ASM-protein isolate were carried out with growing male albino rats. ~ Comparison was made with casein.  The
growth promoting effects and certain biological indices were evaluated using the protein efficiency ratio (PER), biologi-
cal value (BV) and net protein utilisation (NPU). ~ The BV for the PEM were considerably better than that of CEM.
The addition of methionine and cystine to PEM and ASM-protein isolate diets improved growth, PER. BV and NPU
but other amino acids had no such effect so far.  CEM diet affected the blood and liver biochemical parameters
adversely while PEM and ASM-protein isolate diets did not reveal any abnormality in evaluations of blood and liver

biochemical parameters.

Better and fuller utilization of waste seeds from forest facing the country today. But the nutritional potentia-
plants is essential for meeting a variety of shortages lities of such forést resources have not been adequately
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studied, a factor that limits their utilization as animal
food Ingredients, though they are rich in protein. How-
ever, hased on the strveys conducted by the Indian
Central Otlseeds Committee and the Hiridustan Lever
Ltd,, it has been shown that at present hargly 7 per cent
of the total potential is_ being lappedZ which shows a
wastage_of large quantities Of those Seeds from forest
plants. The main problem in the nutritional explortation
0f these unconventional forest resources is the presence
of antinutritional factors.  This, such unconventional
food sources need to be detoxified and then nutritio-
nally evaluated prior to their vse in animal_feedstuffs.
Onlﬁ a few studies on the rocessm(h; and utilization of
such forest resources have been recently reported?-4. In
our earlier studiesd3, it has peen shown that eucalyptus
and teak seed proteins ma_;g be usefully exploited. “Such
nutritional studies are limited and scanty. In our labo-
ratory, we have started a systematic study on the nutri-
tional evaluation of different unconventional seed meals
and seed proteins in raw or processed condition, As a
Ean of this Investigation, nutritional evaluations of

ucalyptus irtoniana“{euca| ptusg seed meal and Acacia
aun(_:ulaeformls_ﬁakashmonl seed protein Isolate were
carried out with albino fas,

Materials and Methods

Fucalyptus kirtonjana (Myrtaceae) and Acacia auri-
culagformis (Le?umlnosae) seeds were collected from the
local forest of Burowan, powdered and completely
defatted in a solvent extraction plant.

Defatted eucalyptus seed cake (CEM?] was analysed
for moisture, cru egrotem (CP), carbo ydrates cruge
fibre and total ash content by AQAC method. Tannin
content was estimated. following the gravimetric method
hased on the absorption of tannins Ty hide powder as
described by Attal et a/1( Sagonln content was estimated
according fo the method of Van atta et aln. Total
nitrogen “was estimated by micro kfeldahl method.
Amirio acid an,alg/ms Was gone b)( column' chromato-
8ragh¥_aé %escrl d earlierd. Eucalyptus seed meal was
\/\%’ Xified Dy removal of tannins using the method In
which seed meal was stirred with 1 per cent acetone
in water for 5 hr and dlscardlnlg the filtrate. The detoxifi-
ed meal (PEM) was also anglysed for its nutrient com-
position and aming acid profife _

The protein was isolated from the defatted akashmoni
seed cake following the method of Felker and Bandurski2
and anal¥sed f?r its chemical composition  including

aming acld profile. _ _ _
Animals and diets: Growing male albino_rafs Cpn-
bred in our laboratory) wejghing 45-50 g of 2528 days
were used In this study, The animals were individually
caged and maintained uncer controlled temperature

(2021 °C) and humidiity (55 per cent) conditions. The
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Table 1. composition (g/kg) of the experimental diets

Protein-free Casein CEM PEM  ASM-pro-

Ingredients diet diet diet diet telrgjiiestolate
Starch 650 5% 350 350 535
Sucrose 200 200 200 200 200
Cellulose powder 50 5 50 50 50
Groundnut ol 50 5 50 50 50
Mineral salts A0 40 40 .40 40
Vitamin mixture 10 0 10 10 10
Casein - mw - — -
CEM — — 30 — —
PEM — —  — 300 —
ASM-protein isolate ~ — - - = 115
Total 1000 1000 1000 1000 1000
Total N 0.62 167 161 16,6 16.3

(by analysis)

CEM: Crude eucalyptus meal, PEM: Detoxified eucalyptus
meal: ASM: Acacia auriculaeformis.

rats were assigned Six tper group, equalized for hody
weight. One group was fed thie protein-ree diet, another
grolip was given diet based on'casein, the other group
Wwas assigned to diet_containing akashmoni seed protein
isolate and the remaining two groups fed the diets con-
taining either crude or detoxified eucalyptus seed meal.
The_composition of the exrﬂerlment_al diets are given
in Table 'L All the experimental diets were ade%gjate
with resPect fo minerals and vitamins and provided a
16 9 Nikg (except the protein-free dliet). The experi-
m(frﬁgl animals received their respective diets and water
ad [ibitum tor 28 days.

Nutritional indices. PER was calculated as bod}q
welght_ gain/unit CP intake (CP was based on actual
analysis of the test diet). TD and BV were calculated
from information on carcass composition with protein-
free and test diet. Metabolic and enclogenous N were
determined from the group of rats fed protein-free diet
and mean values were used in the determination of TD
and BV. NPU was calculated as BV xTD. Nutritional
Inglices were. eafured following the methods as des-
cribed by Mitchelll3 |

Biochemical estimations: At the end of 28 days,
animals were sacrificed and blood and livers were collect-
ed for biochemical estimations. Blood Hb_was mea-
sured using haemoglobinometer (Coulter Electronics
Hialeah, Florida, USA). Blooc Sugar was estimated

out
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following the method of SomO%yiléL Es:imation of total
rotein was done by folin-phenol methodls  Total
Ipid materials_of serum and liver were extracted and
wagshed according to the method of Folch et al.16 and
estimated by evaporating the measured amount of extract
and weighing. Cholesterol and phospholipids were deter-
mined b)()the methods of S'oerry and WebbI/ and Fiske
and SulbarowZ3 respectively.

Results and Discussion

The data on the nutrient composition and amino
acid profile are presented in Table 2. The results revealed
that the nutrient compasition of the defatted eucalyptus
seed cake before angl after detoxification was essenitially
the same. Antinutritional factors, tannins and saponing
were almost ramoved and about 15 per cent solids were

Table 2. composition of cem, pem and asm-protein isolate

i ASM-protein
Composition CEM  PEM AR
Total carbohydrates (%) 51.2 528

142

Total nitrogen (%) 2.3 25

Total moisture (%) 100 170 8.0
Total ash (%) 6.1 6.0 12
Cmde fibre (%) 4.4 42 -
Crude fat (%) 2.1 0.9 -
Tannins (%) 6.4 0.7 —
Saponins (%) -2 0.4 05

Amino acid profile tg/16 gN)

Glycine 4.6 39 47
Alanine 34 34 49
Threonine 32 1 31 33
Serine 50 50 6.4
Valine 43 41 4.0
Leucine 6.2 6.2 106
Isoleucine 31 31 48
Proline 21 2.1 6.0
Phenylalanine 2.6 30 54
Methionine 0.9 09 0.9
Cystine 0.7 0.7 0.5
Tyrosine 38 42 58
Histidine 28 26 10
Arginine 8.6 1.6 8.0
Lysine 6.1 6.1 8.9
Aspartic acid 18 18 112
Glutamic acid 224 213 184

Average of three replicates. Legend for abbreviations as under
Table 1
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lost during detoxification process. — The amino acid
composition of the eucalyptus seed meal was almost
similar before and after detoxification and contained 1/
aming acids including 10 essential amino acids.  ASM-
gl)roteln Isolate also contained 17 amino acids of which
0 amino acids were essential amino acigs.
In comparision with the FAO/WHOI9 amino acid
pattern, CEM and PEM contained insufficient methjo-
nine and cystine and the remaining essential amino acids
were also Present at levels that were somewhat |ower
than thosg recommenged ?y FAO/WHOD (Table 32.
The essential amino acid pattern of ASM-protein isolate
compared well with that of FAO/WHO pattern except
for lower levels of methionine and cystine (Table 3)
When the values of essential amino acids (Table 4
were expressed as essential amino acid content:  tota

Table 3. recommended essential amino acid (g/16 on)
pattern of fao/whold and essential amino acid pattern of

CEM, PEM AND ASM-PROTEIN ISOLATE

FAO/WHO CEM PEM ASM-protein
isolate
Phenylalanine 6.0* 6.4* 1.2* 11.2*
Tyrosine
Isoleucine 40 31 31 48
Leucine 7.0 6.2 6.2 10.6
Lysine 55 6.1 6.1 8.9
Methionine 3.5% 1.6* 1.6 1.4*
Cystine
Threonine 4.0 3.2 31 33
Valine 50 43 41 31
Arginine — 86 76 179

»Combined value for the two amino acids
Legend for abbreviations as under Table 1. r

Table 4. composition of the essential amino acid (baa)
PATTERN (mg/O TOTAL ESSENTIAL AA> OF CASEIN, CEM, PEM AND
ASM-PROTEIN ISOLATE

Casein ~ CEM PEM  ASM-protein
isolate
Phenylalanine 101 62 [/ 102
Isoleucine 87 73 74 92
Leucine 113 147 149 197
Lysine 157 144 146 168
Methionine-cystine 71 38 3 26
Valine 110 101 99 75
Threonine 82 75 73 62
Tyrosine 113 90 100 108
Arginine 59 204 183 150
Histidine 47 66 63 20
Total EAA (mg/g N) 3283 2643 2600 3244
Total EAA (Total N) 3.28 2.64 260 « 324

Legend for abbreviations as under Table 1.
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Table 5. nutritional evaluation of diets fed for 28 days containing crude eucalyptus seed meal (cem), processed eucalyptus
SEED MEAL (PEM), ASM-PROTEIN ISOLATE, AND SUPPLEMENTATION WITH AMINO ACID

Protein source Body wt. gain  CP* intake
P ©
Casein 68.1+2.1 24.611.5
CEM 33.511.6 22.510.8
PEM 54.211.8 24110.9
,tsuppl with A* 62.9t1.4 24.641.1
» o+, B 72.1£2.0 25.0£1.2
» + C 716.412.2 26.141.3
ASM-protein isolate 53.0+1.1 24310.9
. tsuppl with D* 63.9t1.5 248+1.0
b+ > E 69.1£2.1 25.410.8
» A F 712.22.0 2631.0
*CP=Nx 6.25

**Amino acid supplements (g/kg diet):
A and D, 40 DL-methionine+DL-cystine (2:1 wiw):
B and E, 8.0 DL-methionine+DL-cystine (2:1 wiw);

PER 1D BV NPU
(NDxBV)
2.17£0.21 091+0.010 0.88+0.010 0.80+0.009
1.49£0.12 0.72£0.005 0.41+0.006 0.29+0.003
2.25£0.15 0.87£0.007 0.5620.008 0.48+0.006
2.56£0.17 0.90+0.008 0.62+0.009 0.56+0.008
291+0.14 0.90£0.006 0.76+0.009 0.68+0.005
2.9310.12 0.90+0.009 0.80+0.010 0.72+0.008
2.190.15 0.88+0.008 0.55£0.006 0.48+0.005
2.5810.18 0.90+0.009 0.64+0.005 0.58+0.007
2.12+0.21 0.90£0.008 0.77£0.008 0.69£0.008
2.750.14 0.91£0.009 0.80+0.006 0.72+0.009

C, 8.0 DL-methionine+DL-cystine (2:1 wiw), 3.0 DL-leucine, 3.0 DL-isoleucine, 2.0 DL-threonine ana 2.5 DL-valine;
F, 8.0 DL-methionine+DL-cystine (2.1 wiw), 3.5 DL-thieonine and 3.0 DL-valine.

Values are MeansS.E.
No. of animals in each group was 6.

N content, the value for ASM-Eroteln isolate (3.24) was
higher than those for CEM (2.64) and PEM (2.60) but
lower than that for casein ?3. 8. . .

The results (Table 52_01‘ _eedln? trials with rats
show that at a level of inclusion of CEM in the diet
of 300 g/kg, CP intake, growth, PER, BV and NPU
values_iere comparatively lower than that of PEM
diet. . This poor performance,of CEM may be dug to
its high tannin content.  Similar types of ohservations
have Deen reported by Cnang and Fuller2®and Gandh
et alZL with the seed” meals Of sorghum and sal in the
diets of rats. Supplementation of PEM diet with essential
amino acids improved growth, PER, BV and NPU,
Indicating a geficiency or an_imbalance in the protein
proviced by the PEM, The PER g.19 and B (0.55%
values for SM-eroteln isolate were lower than that 0
Casgin gPER 2.77, BV 0.88) hut addition of essential
amino acids to ASM-protein isolate dliet LE)m(};]resswely
Improved growth, PER, BV and NPU and these
values compared well with that of casein. Itis interesting
to note that addition of methionine and cystine (Sup-
g%egmgrl\]hs E). improved the bigldgical values
essential amino acids in suPplements C and F had no
significant effect so far. It s therefore likely that under

A B Dan 2 :
and, ASM-protein isolate markedly while other b

the present experimental conditions methionine and
%stlne were the most limiting amino acids of PEM and
SM-protein isolate.
. Values for the biochemical parameters of blood and
liver of rats fed dliets containing casein,_CEM, PEM
and ASM-protein isolate are presented in Table 6. The
results revealed that CEM i diet affects the biochemical
parameters of blood and liver adversely. This may he
correlated to jts high tannin content.” Similar foxic
eftects of tannins In-animal feed are well reported2.2
PEM was almost free from tannins and did not reyeal
ana/ abnormality In evaluations of blood and_liver
bigchemical parameters when given. in the diet of rats.
The blood sugar levels were significantly elevated in
those. animals fed diets containing. PEM and ASM-
rotein isolate, probably due to infiibition of glycolysis
by some glycoprotein present thereins.  AS -Bro Bin
isolate and” PEM also contain a low amount of
saponins, which may have some adverse effects on
requlation of insulin“from pancreatic £-cells and on
blood su?ar. Yagav et al24 reported that some Acacia
seed protein-supplemented diets can lead to Increased
lood sugar level In young rats.
It is evident from the the results (Table 6) that the
nature of dietary protein influenced the lipid composition
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Table 6. b hemical parame ters of blood and liver of rats fed diets containing casein, (cem) crude anej PROCESSED (PEM)
EUCALYPTUS SEED MEAL AND ASM-TROTEIN ISOLATE FOR 28 DAYS
_ ASM-protein
Parameters Casein CEM PEM isolate
Blood
Haemoglobin (g/100 ml) 15.7+0.62 13.2+0.81* 15.6+0.58 15.6+0.78
sugar (mg/100 ml) 86.3£2.48 118.8+3.64%** 95.54£3.01* 09.743.11%*
Serum total protein (g/100 ml) 6.1£0.12 4.510.21%** 6.0£0.32 6.2£0.21
Serum total lipids (mg/100 ml) 268.545.12 300.826.21** 256.5%5.12 218.244 56***
Serum phospholipids (mg/2100 ml) 83.1£2.45 84.242.01 81.812.11 76.512.11
Setum cholesterol (mg/100 ml) 66.3+1.65 85.142 12%** 62.3£2.16 51.1+ 1.85%**
Liver
Total protein (mglg) 141.744.12 89.3433.21 *** 138.844.06 145312 .56
Total lipids (mglg) 165.6+4.21 190.4+5.16%* 152.3+3.21* 120.2+3.01%**
Phospholipids (mg/g) 781+1.58 79.3£2.12 77.2£1.56 715+2.21*
Cholesterol (mglg) 6.1+0.52 1.110.48 5.6£0.45 41+0.25%*

Values were significantly different from those for the corresponding casein group (Student’s t-test):

*P<0.05;  **P<0.01;
Values ate MeanzS.E.

***p<(.001

of serum and liver. It is generally believed that animal
Rrotelns show lipid elevating actidn while plant (?rotelns
ave some lipid lowering attion. Recently, fin mgsb
| eelamma et al. 5 and Huff and Caryoll2) have shown
that the effect on lipid levels depends upon the nature
of particular protein rather than its source. Thus, the
nature of protein intake affects lipid metabolism’ put
it 15 not clear how_exacth( the nature of protein can affect
the lipid metabolism. 1t is possible_ that this may be
related to . (/) amino acid composition of proteinZ/,
(h) digestibility“of difterent proteins, . ('/)nature and con-
centration, of ‘non-proteinous materials in prtogins2829
(fv) possibility that small gl}/]copeBtldes may e absorbed
and _(v) the possibility“that” absorption” of the intact
protein may take place for which some evidence has been
recently presentedd).  These factors may affect the
enzymés involved in the synthesis and catabolism of the
I|?|ds. It is In this context that although the lipid levels
of hlood and liver of rats fed ASM-protein isolate diet
varied from those of fed casein diet ut still the values
were within the normal range of variation. . All other
biochemjcal parameters of rats fed diets containing ASM
E)roteln Isolate did not differ significantly as cormpared
0_those fed casein dliet.

These observations thus suggzest that the eucalyptus
seed meal which contains aboUt 6 per cent of tanning
should be detoxified prior to its incorporation in animal
feedstuff's and ASM-Rrotem isolate may also be used asa
source of supplementary protein. However, these un-

No. of animals in each group was 6.

conventional food sources are not well-balanced in their
amino acid pattern, hence the incorporation of such
Products In Various food preparations shouid be care-
ully planned and the required amino acids added, if
NeCessary.
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Out of 31 samples of wheat or its milled products, collected from the market and flour mills, 30 were found to

harbour storage fungi.

A market survey of food products made from wheat, including bread and various pasta

products, showed all the 23 samples to be contaminated with fungi. The contamination was particularly heavy in the pasta
products, with Aspergillus flavus as the most common fungus, eventhough some analysed samples were free from aflatoxin.

. Wheat is more susceptible :q insect and fungal attacks belong to osmopkilic species of Aspergillus and Peni-
in storage than rice.” Fungl commonly encountered cillium, some of which are known to prodtice mycotoxing.*

*Dept. of Botany, Madras Christian College, Tambaram,, Madras-600 059.
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Since information on . these species of fungi occurrin_%
In wheat and Its products In India is very scanty, thi
study was taken up and the results preserited here.

Materials and Methods

Samples:  The samples, 54 in all, included 20 of whole
wheat, 11 of milled products of different grades such s
whole meal, maida, (refined wheat flour), rawa (semoling)
and bran, 14 of pasta. products such as vermigelli,
spaghetti and macaroni, and 9 of bakery products
including brown and white bread made in small bakeries
and facfory-made white bread (Table 1), _

. Analysis of mycoflora: ~ Storage fun%| were selectively
isolated from tfie commodities using standard methodsl
with a few modifications2 - Czapek-Dox agar with 50
er cent sucrose W'v. was Use thro_uqh,out. When
acteria had to be avoided, Streptopenicillin (20 jug/ml)
was added to the medium [l)rlor to, pouring.

In plating whole grains, 100 grains per Sample were
used. In ana%smg milled products, direct plating using
10, 50 and 1 méq of the sample, and dilutign platlnq
from 10-2and 10-3dilutions were followed, using a tota
of 10 plates per sample. Pasta products were” broken
UP t_mto bits and the bits picked out at random for

a

plating. Depending on the diameter, 100 (vermicelli), 80
TABIE 1. DETALS OF SAVPLES USED IN THE STUDY
Commodity/Product No. of Moisture
samples range (%)
Soft white wheat 4 SSE=
. 3+ 9.6-10.0
) I* 112
" 1 88
Soft amber wheat I* 100
N 1 10.0
Red wheat (P.V. 18) 1 8.4
Hard wheat (Kalyan) 1* 9.6
" 14 8.2
) 2 7.6- 86
Samba wheat (Sarbati) 1+ 8.4
,. 3 10.2-11.4
Whole flour (atta) 3 9.6-12.6
Extracted flour (maida) 3 11.4-120
Semolina (rawu) 2 12.0
Bran 3 10.2-12.2
Vermicelli 5 —
Spaghetti 4 —
Macaroni 5 —
White bread 3 —
Brown bread 3 —
Factory bread 3 —

—Not done. The samples are collected from *TNCSC godowns;
+Co-operative shops; and others are from private shops.
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ispaghettl), or 40 (macargni) bits ger sample were plated.
n the case of bread, 25 fragments per loaf were Cut out
aseptically from different regions of the loaf and Plated.

urface sterilization was” done usm([} 0.1 per cent
mercuric chloride solutjon which was allowed to act for
one. minute and washed off repeatedly with 7.5 per cent
sodium _chloride solution. ~ Whole girams were plated
only after surface. sterilization, while pasta products
were surface sterilized only In some cases.

The Elates were jncubated in the dark at 30°C and
examined after 5 days for enumeration, isolation and
identification of fungi. The Aspergilli were identified
after RaPe_r and Fennell3 _

Fun(T;a_ Infestation was expressed in terms of percen-
tage of infested grains (the term infestation is used In
Prefe_rence 10 infection which conpotes, pathogenic
_ungr:), of infested Dits of pasta and of infested” loaf
In the case of whole_grains, Ipasta and bread, resgec-
tively and in terms of number per gram In the case of
milléd products. _ _

A few samples showing an abundance of Aspergillus
flar{]ﬁ OIWgre analysed for aflatoxins using standard
methodsd.

Results and Discussion
Storage fungi:  Of the 20 samples of whole wheat,

Table 2. infestation by storage fungi in whole wheat and

its milled products, arrm(g;'i"d_ﬂjgﬁthe descending order of
Whole wheat Milled products
Moisture Extent of Moisture No. of

Varieties content Infestation Grade  content propa-
(%) (%) (%)  guleslg
Soft white 1.2 100 Bran 122 2930
0 88 100 Maida 120 2280
Samba (Sarbati) 102 100 y 118 1830
Soft white 9.8 86 Rawa 120 1830
Samba/Sarbati) 114 7 Alia 116 1740
Hard (Kalyan) 7.6 60 Bran 102 1650
0 8.2 40 Maida 114 1200
Samba (Sarbati) 84 30 Atta 96 960
Soft white 94 26 Bran 10.8 510
. 9.0 16 Atta 12.6 420
Hard (Kalyan) 9.6 14 Rawa 120 10
P 8.6 10
Soft white 8.8 9
A 9.6 8
Soft amber 10.0 8
Soft white 9.0 6
P 10.0 6
Red (P. V. 18) 84 4
Samba (Sarbati) 10.6 3
Soft amber 10.0 0
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19 harboured storage fu(r)lgi (Table 2).. The infestation
level varied from 3o 100 per cent with an avera(t;e of
3, per cent, but the differences were not correlatable
with variety or moisture content. _

. All the 1T milled samples showed heavy fungal infesta-
tion averaging 1800 propagules per gram,"a sample
of bran shwing the highest, and one_0f rawa showm%
the lowest fiqurés. There was wide variation within eac

cate orK, but on an average, maida and bran recorded
the |?Test ar%d rawa, the”lowest fungal numbers per

ram (Tahle 2).

! Qualitatively, the storage fungi incIuded_AsR/?rgillus
grlaucus é;rouﬁ comprlsmﬁ A, amstelodami (r angin
hom & Church, ‘A, chevalieri (Mangin) Thom
Church and A. repens De Bary, all referred to for con-
venience as A. glaucus. " , ,

A, flams_Link, A, candidus Link, A. niger V. Tiegh
A terreus Thom, A. sydowr (Ban' & Sart) Thom” &,
Church, Penicillium sp,, and Mucor sp. Altémaria sp.,
Isaria sp. and a few others, rareI}/ seen and referred to
as_‘other fungi’. Osmophilic bacteria occurred in a few
milled products, _

Of these fungi, A. glaucus was the most abundant in
whole wheat as well & In its milled products. Amon%
others, A. flayus was more abundant in whole whed
while A. candidus and_ A, ferreus were more common in
the milled products (Table 4?]. o

The pasta products were heavily infested, the level
beln%l per cent In spaghetti, 99 per cent 1n macaron
and 6 per cent in vermicelli. All the samples of bread
fungal growth, the level bein _hqhe%t n

actory-

also showed
brown bread (69 per Cent average) and lowest in
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made white bread (12 percent average)-gTabIe 3). Quali-
tatively, the most striking feature wes'the abundance of
A. flavus in pasta products as well as in bread. Only
vermicelli andl factory-made white bread recorded a low
occurrence of A flavis. Among the less common fung,
A, ferreus was not recorded in these food produc
while A fumigatus Fresenius and A. wentii Wehmer, not
{%corldetjl1 In whole wheat or flour, were sometimes found
able 4). N
The occurrence of storage fungi in wheat and wheat
flour 15 well known, and our results show some
qualitative_and quantitative differences from those of
others.  Qualitatively, our results_for flours are com-
parable with those of Bothast et al5. who also reported
A. glaucus and A. candidus as the dominant flora. ™ Basu
and Mehrotra6 on the other hand have rePorted numer-
ous species of Aspergilli and Penicillia.  In our experi-
ence, A. candious usually occurs In the interior of the
grain and hence its predominance in the flour.
Mouldiness in bread is an oft-studied phenomenon,
but studies on ﬁasta products are relatively rare. Chris-
tensen and Kennegly7  reported AsBergrl]IIus flavus-
oryzag, including toxidenic strains, to be the dominant
funqus in.most 0f the 27 pasta samples stuglied by them.
Atlatoxins: - No aflatoxin was detected in any of the
3 samples of s§)aghett|, 2 of bread or one of macaroni
tested"(Table 3). ™ However, toxin production in these
foods cannot be ruled out, as there are reports of the
occurrence of toxin in dry spaghettid; while bread
and cake have been found o serve as rqood media for
aflatoxin productiond, the toxin being able to survive the
haking process2d,

Taote 3. INFESTATION BY STORAGE FUNGI IN PROCESSED PRODUCTS OF WHEAT

Sample Product Infestation (%] Sample Type of Infestation
No. Untreated  Surface sterilized No. bread/source (%)
1 Vermicelli 85.0 - " White/Bakery 40
2 » 68.0 — 2 » 40
3 > 66.0 — 3 » 36
4 } 325 - *4 Brown/Bakery 100
5 » 32.5 - 5 76
6 Spaghetti 1000 - 6 » 32
*T » 100.0 100.0 7 White/Factory 24
*8 » 100.0 80.0 8 > s
*9 ) 100.0 60.0 9 4
10 Macaroni 1000
*11 » 100.0 85.0
12 . 99.0
13 . 97.5 87.5
14 97.5 72.5

y Samples analysed for aflatoxin
—Not done



Table 4.

Variety/Product  Av. in-
festation

Soft white (9)  39.7
Soft amber (2) 4.0
Sarbati (4) 525

Kalyan (4) 310
PV 18 (1) 40

m (3) 1040
Marda (3) 1770
Rawa (2) 920
Bran (3) 1700

Vermicelli (5) 61
Spaghetti (4) 100
Macaroni (5) 9

Bakery, white (3) 39.0
Bakery, brown(3) 69.3
Factory, white (3) 12.0

AUGUSTINE et al: MYCOTOXIGENS IN WHEAT AND WHEAT PRODUCTS

A,
g

20.0
15
195
145
0

385
510
154
314

36.7
0
36.5

8.0
8.0
2.1

A.
fl-

.1
05
123
1.5
0

17
177
5
188

143
93.0
522

29.0
310
0

# Whole wheat (% infestation)

07 92 0 0 0
0 1.0 0 0 0
03 35 0 0 0
18 0 0 18 0
0 0 0 0 0
Milled products (colonies/g)

59 28 10 2 0
W 1 422 0 0
21 1 2 0 0
579 6 503 0 0

} Pasta (% infestation)
10 30 0 0 10

0 101 0 0 0
4.0 9.9 0 0 0

*Bread (% infestation)

0 0 0 0 0
0 8.0 0 13 0
0 0 0 0 13

A.

wen

Coocoo

OO O o

13
213
0

Pen
sp.

82
200
125

49

o

0
0
0

Mucor
sp.

153
4

0
0
8.0
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average pattern of distribution of species of storage fungi in wheat and its products

A A. A. A. A.
cand nig ter syd fum

Other  Bacteria
fungi
35 01
0 0
0 0
58 0
2.0 0
8 80
0 46
7 2
0 8
0 0
0 0
190
0 0
0 0
0 0

*The total of individual species may exceed the percentage of grain infestation, as a single grain frequently produces more than one

colony.

Agl'—A. glaucus; A.fl=A. flams;

A. fumigatus, A.wen=A. weniii;

A.nd=A. Candidas;
Pensp.—Penicillmm sp.

A.nig.=A. niger;

Figures in parentheses indicate number of samples tested.

Sources of contamination: The high levels of fungi
in, the flour suggest that the raw material ifself
mlght be the source of contamination of these food

ucts.
o In tﬁe case of the pasta products, those with a thicker
drameter had a higher percentae of infestation, mainly t}rown ead, ma
with A.flavus. Thi sugé)estedt tthe enrlchln add|t|v whi
and the microenvironment of tesow and rol on%
ryrn% process might have selectively favoured The
of A. flams within the sticks, In order to veri
at the fungus was present within the proauct and no
as a surfacé contamrnant from spores in the air, we
plated some samples of spaghetti’ and macaroni_after
washing in a dilute detergent solution (T $ ween 80, 0.1
per Gent aqueous) and after surface ste
was mgs were plated se
low

rowt

parately The washings recorded
counts and A, tlavus was not generally found
ese but the washed or surface sterilized bits"showed

aIthoug

amination

directly

ilization. ' The
Chrrstensen

ch usua Iy recorge
that the flour was the m Jor source.
by growing in the dou
baking pracess, or indirectly by contaminating the bakery
on thie baked bread.” The latter
ed by the results of our limited
the interior of a bakery

he presence of toxigenic Aspergilli in pasta,
ests that the Tungi. enter the dough

ring drymﬂ Those

i

atmosphere and settlin
possibility was sug
aeromyc logical

Drscus)srn(]rlt

gst
ey 0

A.ter=A. terreus;

B

A.syd=A. sydowi;

Afum =

the same fungus as the whole brts This su%gested that
the funﬁus occurred as mycelium within, t
Wea%puld not detect it by mrcroscoplc eX-

In the case of bread, the high degree of contamination
ole[ourr cluding bran
ungal num ers indicated

e product,

This could act

h and surviving the

during or after mxrng and grow d
who Study mouldiness in bread, however, usually point
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Commission for the award of Teacher Fellowships under
Table 5. aeromycology of a bakery the Faculty Improvement Programme.
Av. colonies gno.) per plate at different processes ~ References
Fungus 0 bread manufacture' . 1 Christensen, C. M., Deterioration of stored grains by fungi.
Kneading Ftertmen- Baking Sllcwg Total Bot. Rev. 1057,23, 108,
ation Wi 2. Sheila, V., Vija}/a, K. and Indira Kalyanasundaram, Fungal
rssercllustun , 1 P : g : spoilage ofds ored foodgra1|g7s8—-4A1prleiém|nary study with
spergillusfumigatus 3 rice. J. Madras Univ. B, 1978, 41, 149,
i 3. Raper, K. B. and Fennell, D. 1., The Genus Aspergillus,
A. nIger ! L ! ! ) illiams and Wilkins Co., Baltimore, 1965. g
A. candidas 4 0 0 0 4 4. Official Methods of Analysis, Association of Official Analytical
A. glaucas 1 0 0 2 3 Chemists, Washington, 12th Edn. 1975.
A flavus 1 0 1 0 ? 5. Bothast, R. J., Anderson, R. A., Warner, K. and Kwolek,
' W. F., Effects of moisture and temperature on mICI’ObIO|OPI-
A. terreus 0 0 0 1 1 cal and sensory properties of wheat flour and com mea
A foetidus 1 0 0 0 1 during st(()jrage.h Cereal Chem(.j,d 1981, 58,h 3?9. ;
' 6. Basu, M. and Mehrotra, B. S., Additions to the fungi in store
t Exposure time: 5 to 10 min. cereal grains in India. 1& Il. Nova Hedwigia, 1996, 27, 785.
7. Christensen, C. M. and Kennedy, B. W., Filamentous fungi
and bacteria in icaronl and spaghetti products, Appl.
to lowegrade flour es the causeI3. Sfudies are now | Mubiol, T s B
under way in our laboratory to establish the actual man- 8 Van Walbeex, W., Scot, P, M. and Thatcher, F. 5. Myco-
toxins from food horne fungi, Can. J. Bot., 1968, 14, 131,
ne-';jotl;]cg%ammatlgn ofdbrea?_. AL this F%Omtl It ma tﬁe 9. Reiss, J., ComPar_ison of the ability of three Aspergillus Strains
sald that tne use of good quality raw materials, and tne to form aflatoxins on bakery products and on nutrient agar.
mawtetrp]ence ﬁf ];op(ejr Ienquonm(e}lntal hygeine would Mycopathologia, 1982, 77, ®
Make these Wneat T00aS 1eSS Nazaraous. 10. Reiss, J., Mycotoxins in foodstuffs. XI. Fate of aflatoxin Bi
durin% prgparation and baking of whole-meal wheat bread.
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: o ! : 12 Frazier, W. C., Moldy bread outbreak due to infested flour.
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Centre for Advanced Study in"Botany, for facilities, Two 45 fundi in bk
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STUDIES ON THE SUITABILITY OF POLYPROPY-
LENE POUCHES FOR PACKING MANGO PULP*

S. K. KALRA AND K. L. CHADHA
Central Mango Research Station, Lucknow-226 006, India.
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Mango pulp of Cv. ‘Lucknow Safeda’ was stored in poly-
propylene pouches (200 gauge) with thermal sterilization
(TO and with 350 (T2) and 100 (T3) ppm S02, at 32-35°C
(ambient) and at 4-6°C. All the samples stored at ambient
temperature were spoiled after two months, while those stor-
ed at lower temperature were in good condition after 4
months. There was rise in pH, protein content and tannins.
There was decrease in total sugars and soluble solids in
treatments Ti and T3.  There was no appreciable loss of
moisture or vitamin C. There was almost complete loss of
available S02 during storage. The treatment T2 was found
to be the best for preserving mango pulp.

The exhorbitant price of tinplates has necessitated
the use of polyethylene (HDPE) and other flexible

packaging for food materiall2. Since HDPE containers
cannot withstand high temperatures, bulk preservation
of pulp 1s achieved by sulphitation and subseq#ent lower
temperature processing, which also preserve the delicate
mango flavour. Hoviever, there are some copstraints
to sulphite treatment because of the residual off-flavour
in the pulp3. Shrilchande et ctl4 have reported storage
of mango pulp for 6 months after thermal process ard
hulk packagln(l; in HDPE containers, without sulPhlta-
tion.  ReCently, oI)éPropylene/aIumm_lum foilfpoly-
propylene pocunes? arid ascéptic packagingb, have been
Introduced in developed countries for packagmg of food
products and these may be adopted by the inustry in
our country. in the near future,

We have designed an experiment to assess the storage
quality of mangd p%e in flexible polyProperne POUChES,
Mango pulp from Cv. ‘Lucknow Safeda™ was expressed
and Was filtered to remove fibres. Two hundred and fi
gram of pulp was filled into polypropylene pouches (2
ta amt)r/]), sealed angl heated In boiling water for 20 min
g . In'the second treatment, the pulp was heated to

C for 10 min, cooled to about 50°C, mixed with

Table 1. changes in chemical characteristics in mango pulp (cv. lucknow sapeda) during storage in polypropylene pouches

Acidit

Storage
\ (% git¥ic

Storage

Treatment period  tem Moisture  pH TSS  Total Reducing VitaminC Protein Tannins ~ $02
(months) (°CS) (%) acid) (%) (%) (%)  (mg %) (mg %) (mg %) (ppm)

- [nitial 78.2 4.6 0,32 21.4 181 45 5.8 41 102 —
Ti 1 32-35 76.4 5.2 013 184 102 67 44 41 232 Not added
Ti . 4-6 71.6 4.7 0.20 198 157 57 48 4.2 160 o
Ti 2 32-35 81.8 59 0.15 178 111 87 45 4.6 21 o
Ti - 4-6 79.3 51 0.26 189 136 68 5.6 43 209 o
t2 1 32-35 795 45 0.19 20.2 198 55 45 5.3 226 160
t2 4-6 79.6 48 0.20 21.2 194 54 6.6 5.6 186 250
t2 2 32-35 70.8 53 0.26 194 76 19 35 5.2 292 70
t2 o 4-6 788 50 021 20.5 183 57 6.8 43 210 160
t?2 3 32-35 — _ - — — - — — _ _
t?2 - 4-6 7.1 50 031 204 164 56 41 55 184 64
t2 4 32-35 - — - — - — — — — —
t2 o 4-6 76.2 5.2 0.22 198 170 6.0 2.6 46 176 50
t3 1 32-25 7138 5.2 0.20 204 146 6.7 45 55 246 64
t3 4-6 79.6 48 0.20 18.8 144 48 5.7 4.0 178 80
t3 2 32-35 80.9 5.7 0.25 18.6 113 87 33 6.2 239 nil
t3 o 4-6 9.7 52 011 18.9 138 538 5.0 49 284 64
t3 3 32-35 — - - — — — — — — —
t3 . 4-6 80.0 54 0.16 193 21 64 43 45 195 50
t3 4 32-35 - — - — - — — — — -
t3 » 4-6 79.3 53 0.28 154 1.7 85 33 59 151 nil
({—,) No estimation made due to spoilage
I -T 3=Treatments.

# Contribution No. 78/82 of 1.1.H.R., Bar.galore-560 080.
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30 cPpm 502 filled in pouches and sealed 1{(TZ).
Thirdly, the pulp was mixed with 100 iy 502, filled
in pauches, sealed and heated in boiling water for
20 min (To). Pouches in each treatment Were stored
at room temperature (32-35°C) and at low tempera-
ture (4-6°_C2_. The analysiss of various physico-chemical
characteristics was carried out at monthly intervals.
The initial composition of the pulp Is given in the

aple 1 . .

All _t%e treatments under ambient and Tt in cold
conditions, developed mould growth, clots and Preu-
pitation after 2-3 months of storage. . Sulphur treatment
at higher temperature (32-35°C?, might have been less
effective due to high H(4.5520 mango_pulp. However
these observations were ih accordancewith the reports of
Krishna Murthy et al.1 The material kept well'in this
treatments for 4 months. Generally, there was no signifi-
cant loss of moisture guring storage. Further, the pulp
unger. ambient conditions” exhibited an increase m
recucing sugars (from 4 to » per cent) and_a decrease in
total sugars (from 18 to 11 per cent} and TSS (from 2
to, 18 per cent) with the exception of T2, Changes were
stilf Tess in cold condition. Sulphitation (350 ppm) seems
to help in preserving sugars and TSS. There was a slight
increase in pH (from 455 to 5.20 in cold and to 5.9at
room tem eratug? of stored puI{J_ but there was no
concurrent decrease In titrable acidlity.  Very low con-
centration of vitamin C was Rresent initially in the
mango pulp and there was no further 1ss during storage.
Soluble Brotem Ingreased but more so under”ambient
temperatlre. Tannins rose sharpg/ at room temperature
but'in cold treatment It increased from 102 to 284 mg
per cent upto . months and then declined to 15C-170 mg
Per cent. There was no geterigration in colour or organo-
eptic quality of the pulp or the Hume_ re[oared from the
stored pulp.  Determination of available SO. content
showed m a%re amount, 50 ppmin T. and absent in T
at the end Of 4 months. _

|t may be inferred from this study that flexible polg-
Pro ylene pouches ;o gauge) may not be surtanle f
ong storage (over 2-3 months) of mango pulp under
North Indian. conditions of "high _temEerature, even
with sulphitation (350 Popm S02). " Higher levels of SO.
and acidity may improve the ‘presevation of mango
pu1lp In fléxible “pouches,

he authors are thankful to Dr. J C. Anand for
technical and Mr. H. C. Lohani, for analgncal assistance.
The 6nro ect wag funded through PL-480 grant No FG-
In-561 eIN-AR -49),
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Studies on moisture uptake of evacuated and untreated
paddy revealed that it was higher in evacuated paddy under
different time-temperature conditions. 1t is indicated that
soaking of evacuated paddy may substantially reduce the
process time of parboiling.

Soaking of padaly is important dluring parboiling and
its du_rati%n d[e)cid_e)sl the _t%tal per?lod oq [ghe procgss_l-?.
Duration of soaking malnlg,depends upon the soaklng
characteristics and " the variety of paddy. Once th
soaking characteristics of paddP/ are known, the con-
ditions”of treatment can be easily workeq out to attain
a (lesired moisture coptent of paddy suitable for E)ar-
boiling, steammg, n?qha (rice ﬂakesg ma1k|ng| etc-8
Achieving desired moisture level In short timeleads to
reductionin total time of parboiling. _
Possibility of reducing the soaking time during par-
g%“)ni% J)y evacuation Of paddy prior to soaking was



INFLUENGE OF EVACUATION ON WATER ABSORPTION BY PADDY

“Jaya’ variety of paddy having 13.2 Sper cent moisture
(db.) was used in this experiment. Samples of 150
each were mixed with 225 ml hot water in a beaker an
Placed In pre-stabilised waterbath at desired tempera-
ure for soaking (Table 1). The initial moisture content
of the padﬁzl_}/] Was _determined by standard air oven
method”,
was calculated as follows:

W{ (100+M2=W2 (100+M ) .ccoorrrvvrrsrersires (1)

M\iNiE’initial weight of the sample at moisture content
\/\fzgifinal weight of the sample at moisture content
MI%?I .p:'initial moisture content of the sample, per cent,
"M2=final moisture content of the sample, per cent,

“These values of moisture content of soaked samples
were used for analysis.

jaya) soaked under

Table 1. moisture ofRéJaddy 81%{0 2y

DIFFERENT CON

Soaking  Paddy moisture (% d.b.) at ciff soaking temp.
p?rr]Ir()) 30°C  40rC  50rC  60°C 70°C 80°C
Under atmcspheric pressure
i 202 210 219 234 256 289
1 20 222 287 250 269 327
4 21 238 261 276 295 360
1 29 Bl 212 91 28 412
2 248 214 301 319 310 466
3 211 209  R5 B0 415 623
4 286 321 ¥2 %3 42 172
5 01 388 360 378 493 1041
6 37 H4 3BT 405 539 1183
Under vacuum
4 06 322 340 3B0O 3BT 3N
i 318 B1 B3I B0 32 B>
i 322 31 %8 35 3B5 412
I 27 BT {7 N3 N9 AT
2 %2 315 6 45 435 528
3 366 383 419 435 460 685
4 370 390 425 45 494 01
5 382 406 442 462 516 1349
6 08 414 461 473 B4l 1672

Initial paddy moisture content: 13.2% (d.b.)
*“Average of three replicats.

e moisture content of soaked sample(s) p
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Another_set of paddy samples were subjected to
vacuum (-7 cm of Hg, ‘as indicated by the compound
gauge) for nve minutes and 225 ml hot water was let
into the flask soon after. The sample was then transfered
to waterbath. Moisture content of sample was calculat-

egr(% Hggﬁ)e %)rgﬂgr 13(I)aking for appropriate period as

Water uptake: Persual of data in Table 1 reveals
that there was sudden rise in moisture content at initial
stages of soaking at all the soaking treatments. It has
been reporteds that this phenomefon may be due to
(0 the filling of voidl space between the husk’and pericarp
with water “immediately after grains were immersed in
water, and . (z caIplllary action by pores in the hull
causing rapid apsorption. . .

According to Becker the initial moisture gain in soaked
wheat 8ra|ns was a measure of the amount of water
requireq for saturation of pericarp. It can he stated
su%portmg the above statementd, ofher reported results3
and the test data ?Table 1) that the initial moisture gain
was low, In case ot direct paddy soaking, as compared to
evacuated paddy soaking. This may bé due to. the pres-
sence of air gag between hull and rice kernel in case, of
direct soaking. The evacuation of paddy prior to soaking
mlght have eXpelled most of the air from the void spaces
and neutralised the resistance to entry of water resulting
In_high initial moisture gain. o

The moisture content Values (Table 1) also indicate
that the total moisture gain increased with increase in
soaking temperature and this was true for all the tests.
Two reasons can be put forth for this phenomenon:
(i) Arr J)resent In the micropores might not have peen
removed completely during evacuation of paddy, which
would have e E)an ed with the rise in temperature, and
quickly replaced by water, (n) water 1S dipole
compdund and is regarced as a polymer of hydrogen
bond.  The honds dre broken when water is”heafed,
which results in the dissociation and entry of water
molecules into the weakened starch due t0 heat.

was observed that air bubbles were liberated at the

|t was observed that air bubbl liberateq at th
surface of evacuated paddy grain during the first 2-5
min of exposure to water. ~ The time ‘of air bupble
liberation was mv_erseh/ proportional to the soaking
temperature/.  This phenomenon confirms the obser-
vation .on vacuum4 and also supports. the statement
me%%atmg the presence of unexpelled air in evacuated

It 15 also evident from the mojsture content values
STa_bIe 1) that the evacuated paddy would attain the
esired level of moisture In less a_kln(t; time and a
lower soaking temperature than direc soaklntl; of
paddy. Hence, the.evacuated soaking would hefp In
reducing the spaking time and severity of heat
treatment to grain.
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Table 2. rate of moisture absorption, per cent db per hour

FOR JAYA PADDY WHEN SOAKED UNDER DIFFERENT CONDITIONS™

Soak_indg Moisture absorption (% db) at different soaking temp
perio

(hr) 30°C  40°C  50°C  60°C  70°C  80°C
Under atmospheric pressure

0125 281 310 348 407 494 626

0.375 30 50 6.9 6.2 52 152

0.625 4.6 6.2 96 103 103 133

0.875 30 51 46 60 136 208

15 19 2.4 2.9 2.8 42 59

25 23 25 24 41 45 156

35 15 2.2 17 13 37 150

45 15 17 18 16 41 2638

55 15 16 2.1 2.1 37 142
Under vacuum

0125 659 761 823 872 88 9.7

0.375 4.6 33 50 40 6.2 54
0.625 2.0 6.5 59 58 52 107
0.875 2.5 42 38 15 56 102
15 2.5 17 1.9 31 3.6 8.6

2.5 14 09 2.3 1.0 25 162
35 04 0.7 0.6 11 34 316
45 12 16 17 16 22 548
59 16 0.7 19 12 25 323

Initial moisture content of paddy is 13.2% (d.b.)
t + Computed from Table 1.

. The rate ofmoisture absorption:  The values in Table 2
indicate the slow rate of moisture absorption up to 50°C
for both the tests, . In all the cases the moisture
absorption rate was_high In the initial stage of soaking
and decreased with increase in soaking timg,  However,
after some time of soaking (L5 :02nryat 80°C, I; Increas-
ed in hoth the cases, due'to bur_stm% of grains.  Com-
parison of subsequent (after. initial sage? values of rate
of moisture absorption’ indicate low rate in evacuated
paddyrsoakmg than in direct atmospheric pressure soak-
Ing, “This may be due, to, substantial increase in the
moisture contént at the initial sta%e of spaking of evacu-
ated paddy causing _ decrease 1N moisture” potential
(Fatura |0r] moistur-initial moisture content of sample).
hus, the low rate of moisture absorption In the sulbse-
ﬂue t soakmg Is an indication of High total moisture
ptake by the sample (Table 1 & 2.~
Conclusion: It is obvious that due to high moisture
absorPtl n, gelatinization of stir_ch may ~ take ([])Iace
earlier, for evacuated paddy soaking than fcr dlirect
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soaking, at higher (70 and 80°C) temperatures. This
Phenomenon would_ be desirable and help reducing the
otal time of parboiling process.
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A 4-week trial was conducted with male albino rats to as-
certain the biological quality (PER, FE, PU, FU and NPR)
of repeseed meal (RSM) having low glucosinoiate content.
The RSM proved to be an inferior quality protein due to less
efficient utilization in contrast to casein. Thus, it is deduc-
ed that RSM can be better utilized only after partial or com-
plete removal of crude fibre and toxic components.

Brassica campestris var. toria is an important oil seed
crop. Seed residue after expression of il is mostly bel_n%
utilized as animal feed or manurel2. Since it I$ a ric
source of protein with well balanced amino acid com-
position34, this note presents data on its hiological
ﬁ]uz?llg/b evaluating PER, FE, PU, FU and NPR in

ale albino  rats

Male albino rats (wistar strain) 21-28 days young
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Table 1. nutritional evaluation of rapeseed meal

Casein (10%)

7days 14 days 21 days 28 days
Food intake (g) 500 4390 4551 48,50
=300 +2.10 350 175
Protein intake (g) 5.00 4.39 455 4.85
$0.30 2021 1035 £0.17
Wt. change (g) 3250 8505  99.00  107.60
$6.00 £5.00 +532  16.00
Wt. gain (g) 550 2.55 13.95 8.60
PER 1100 0580 3065 1173
PU 909 1721 0326 0563
FE 0110 9058 0306 0177
FU 9.09 172 3.26 5.63
NPR 6.660  6.913 9.175 1.505

Initial body weight of animals=77.045.72 ¢
Net weight lost by NPG animals=27.80 g

Rape seed meal (10%)

Total  7days 14days 21 days 28 days Total
(0/28 days) (0/28 days)
18791 3106 3460 3600 3000 13166
841  £3.00 150 £3.75  £2.00 584
18.79 310 346 3.60 3.00 1316
084  +030 2015 £0.37 020 +0.58
— 6400  67.00 75.00 82.50 -
$4.32  t6.72 1522  $4.78
3060  -13.00 3.00 8.00 7.50 5.50
1628 -4.193 0867 2222 2500 0417
0.61 0.238 1153 0450 0400 239
0162 -0419 008 0222 0250 0041
6.14 2.38 1153 450 400 2392

310 13.161 8.901 9.944 11766  2.530

PER =Protein efficiency ratio; PU—Protein utilization, FE=Feed efficiency; FU=Feed utilization NPR=Net protein retention

maintained at H.A.U., Hissar, were housed individuall
in cages.  Standard diet QM/S Hind Lever Ltd., Indlax
was, supplied for 5 days to adapt the animals to new
environment with ad libitum water. The animals were
W_elﬁhe_d and allocated intq'two Igzlroups (6 rats/g_roupa
with similar mean bod yvelght. ach raf was weighe
weekley and handled daily Tor feed intake,
The untreated toria seeds grown in Amritsar district
Punjah) were procured and "defatted using successive
extraction with petroleum ether for 24 hr, Diets contain-
ing casein and RSM (rapeseed meal) at 10 per cent pro-
tein level were preparedband fed to res(PectlvR/Prou s for
28 days.  The glucosinolate content Cf RSM was also
determinedp. mllarl¥ the third group (NPG) was_led
rotein free diet for the same nimber of days. The
lological Indices like PER, FE, PL, FU and NPR
were “calcualted from food Intake and weight change

data. . L
T%e effect_of diets_on various biological indices is
presented In Table 1 The casein fed animals showed al-
most a constant intake and progressive growth pattern
while RSM depicted a weekly variable intake and gajned
weight only after an abrupt loss during first week.
. The decreased food intake, by RSM group during the
first week of feeding trial is probably due to porly

acceptable and non-palatable nature of the meal78
Later, these animals tend to eat more to, meet the energy
requirements as the RSM contains a high level of nof-
digestiole carbohydrate fraction _%3 per cent) and
protein (16 per cént) associated with the hulld.16™ The
Intake, however, _dr(()f)s to basal value (fourth week
as If to state te_inadequacy of RSM to act as a goo
quality protein, The_casein Ted animals, depicted a nor-
mal consumption, The weight change cata (Table 1
reflects a progressive gain by casein in contrast to RS
?mma%l_s. hte LOSIS' of i/lvelght by NPG was obviously due
0_gctive cataholis e .
ﬁ]e Various |0[(T)] Ical indicgs indicate that animals
fed RSM diet proved inferior. The PER of casein, 2.50,
was however not presently achieved and seems to be
affected by factors like environmental temperature as
well as rat strain differences. The above findings provide
support to the earlier reports213 o
he values of PUIFU indicate that utilization is a
measure of feed required for a unit Igaln of Wellght1_4,
which  qualifies RSM to be a poore quall_ Poteln
because more food Is consumed Tor a unit gain In con-
trast to casein. Furthermore, better utilization probably
promotes greater retention (NPR% as observed In the
casein fed animals (Table 1).” On the other hand, RSM
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fails to gain proportionally fo the amount of food
c%nsume , possibly due to” tie explanation proposed
above.

One of the authors, S. K. Veenu is grateful to CSIR
for the award of junior research felloviship.
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Sal (Shorea robusta) fat samples, extracted in the laboratory
from fresh kernels as well as procured from commercial
sources, were analysed for epoxystearic acid content by a
titrimetric method and hydroxystearic acid by thin layer
chromatography. All the samples contained these acids with-
in the limit (3% together). Alkali refining and bleaching did
not affect the concentrations of these acids.

Possible presence of epoxystearic acid in_the fatty
acid profile of sal (Shorea robista) fat is a special feature
of the fatl During storage, this epoxY acid or trigly-
cerices containing epoxy acid _gradual y decrease and
?n_/e_ rise to dihyroxystearic acid or trlgI}/cerldes con-
aining this acid2  The Central Committee for Food
Standards, Ministry of Health, Government of India,
based on the toxicological studies3 has allowed the use
of refined and bleached sal fat in confectionery and
bakeay products with the proviso that 9,10-epoxy and
9,10-cihydroxystearic  acid contents of the' sal _fat
togetherd should not be more than 3 per cent, The
reviews on sal fat contains ver(Y little Information on
oxygenated fatty acids and no data on the oxygenated
fafty acid contents vis a vis quality of kernel on effect
of 1Q]rocessmﬁ; cruge sal fat are available

e presertt study reports the results of stuy on (a)f
variation in epoxy"acid content of different lality o
sal seed kernels from forests of Madhya, Pradesh ‘and
Orissa.and  (b) effect of processing (alKali refining and
bleaching) of sal fat having epoxy acid, In addition,
dWydroxysteanc_aud coptent ann(I] with iodine valye
%r]] frete fatty acid (FFA) of the sal fat are reported in

I$ note.

Samples of fat were extracted in the laboratory from
freshly collected sal seeds. Commercially fresh samRIes
both ‘Crude and refined and . bleached “were obtained
from Mis K. N. Ol Industries, Mahasamund (M.P.)
and M/s Orissa Qil Ingustry, Sambalpur, _

Moisture content of kernel was determined b drylng
the sample In a vacuum oven at 60+5°c. Fat wa
extracted using petroleum ether (40-60°C) in a Soxhlet
apparatus. Free fatty acids and iodine value estimated
according to AOCS. methods6 and _oxirane oxygen
content Was estimated by the titrimetric method? using
tetraethyl ammonium _Lromide. Oxirane oxygen was
multiplied by factor 18,6 to get the value of epoxy acid
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Table 1 analysis of sal kernels and the quality of extracted fat from different areas

Type of sal seed Moisture Fat
(%) (%) (as

Mahasamund

Fresh kerels (3) 6.730.67 16.37£ 1.35

Commercial fresh 98 £1.20 162 £0.84

Old samples (7) 85340.10 151 £0.33
Sambalpur

Commercial fresh (2) 10.25 18.55

Old samples (3) 15310.26 1367 0.30

Figures in parentheses indicate number of samples analysed.

expressed. as 9,10-epoxy stearic acid. 9,-10-dihydroxy-
steanc acid Was %strm% ed b the th|n Ia er chromafo-
graP y & descripe Belavadi et al |

|t may e seen from Table 1, that the fat content from
different sources did not vary signif |can Epoxystearic
acid was present |n both fresi and nid sam Ies But
the old samgles ad less of epox(ysteanc acid than the
fresh samPIe and d|h dro steari¢ acid was present ony
In the old samp es This 15 In conrrmatron Wit
the results obtarned by Bringi et a’.2 The moisture
content varied from & to 10" per cent. Equilibrium
moisture content of sal kernel corres ondrng to 70 Ee
cent RH has heen reported to be 11 per Centd. Fat
content of samples ranged from 135 to 18.0 per cent.
Fresh samples had free fatty acid content ran%mg from
0.8 to 2.0 per cent whereas old samp.es from 4.0t 5.7
Eer cent. It has heen reportedd that dunng storage of
ernels having moisture content of about 10°per cent at
ambient temperature, FFA increases at the rate of 0.5
per cent per month.

Epoxystearic acid content of fresh samples was found
to vary from 0.19 to 182 per cent. In the old samples
the epoxy aciq content was less and the presence of
dihydroxystearic acid was observed. . However, there
was no quantrtatrve inverse relationship between epoxy

| ydroxy acids.
el grves the epoxy acid and dihydroxystearic
c|d contents in original, reflned and bleached” sal f
from cifferent areas,” It cou be seen that refined an
bleached sal fat (old samples) had a Jow eci)oxy9 acid
content and rese ce of d| roxystearic acl also
Observed, xyStearic acid content was a
little hi 0gher in Sambalpur samples compared to Maha-
samun sam les. - But the total of epoxy-and dihydro-
tearic ac| ks drd not exceed 3.0 per cent lodine
values were In the range of 385 to 40.2 from both
regions and this was within the range reported by othersb

1

Stearjc acid

FFA Epoxy Dihydroxy Total stearic
oleic acid %) (%) (%) acid (%)
0.83£135 1.1720.51 Nil —
1.24£0.84 1.0720.28 Nil —

44 £0.22 0.37£0.00 0.80£0.17 1.17£0.22

145 119 Nil —
4.63£0.26 0.41£0.14 0.76+0.20 1.17£0.10

Table 2. analysis of original fat and refined and bleached

SAL FAT DIFFERENT AREAS
FFA Stearic acid Total
Type of fat tas oleic , stearic
acid %) Epoxy Dihydroxy  acid
I I
Mahasamund
Original fresh (3) —  1.04:03 Nil —
Refined and bleached
fresh (8) — 10022 -
Refined and bleached
old (2) 0.22 0.86 1.08

Sambalpur
Original old (5) 41 £0.89 0.32+0.1 1.22+0.44 15410.39

Refined and bleached
old (3) 1.28#0.1 0.2 0.0 2.17£0.66 2.36+0.70

Figures in parenthesis indicate number of samples analysed.

and within the I|m|ts prescribed by Central Committee
for Food Standards.

Presence of ep?] y acid in the refined and bleached sal
fat showed that the’ process of alkal refining and bleach-

ghad no effect on it.  Similar observation has been

de earlier by Krewson and Scott alsol0

Summrnq up, it was onserve tat epoxystearic acid
is @ naturdl component in the sal fat.  As the fat gets
aged the epoxy acid content was reduced and dihydroxy-
stearic acid a Reared The process of alkali refining and
btleachrng had no effect on the epoxy acid and dihydroxy-
stearic dcid.

(hors are thankful to M/s K. N. Ol Industries,
ahasamun MP.), M/s OnssaOrI Indlust Sambal ur
and Sni Bisweswar” Das F Department of Forest,

Government of Orissa (Retd), for their help in collection
of samples and thanks are ‘also due to the Director,
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CFTtRI, Mysore, for his keen interest and encourage-
ment.
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Comparative studies carried out on the quality showed that
the bread containing cooked potato mash was softer (com-
pressibility : 10.8 kg/V) than those of bread containing drum
dried potato flour (compressibility: 15.0 kg/V) or flour
from dried chips (compressibility: 12.8 kg/V) at 15% level
of incorporation (on equimoisture basis). The result indicate
the possibility of reducing the cost of production.

In countries where wheat is in short supply, use of
available tubers in bread formulations will” help In
reducing the wheat imports.  Incorporation of potato
flour 1M bread has certain advantages In aiding the
fermentation by yeast, improving the flavour, texture
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and retention of crumb moisture, which in turn helps
In delaying the onset of stalmgl—'i Enerqy required for
defgydrattlﬁndof potatoes calls for development of alter-
nate methods.
Sun- |Ong adopted to get dry potato chips, is depen-
dent on the Vagaries of weather and is rather slow and
often not ahygienic process. =
Comparative Studies on the utilisation of cooked potato
mash and potato flour in the bread formulation were
undertaken and the results are presented in this paper.
Wheat flour:  Wheat flour was milled from a com-
mercial varlety WG-357 grown in Punjab, to an extrac-
tll\?lnurag%zof 1 per cent’in a Buhler” laboratory mill-
Flour from_dried potato, chips; A locally popular
variety ‘K. Chandramukhj,’ well known for its hllgh
pecific gravity and hence high yield of flour was pro-
pssed according to_the method of Chandra Shekara
and Shurpalekars. The yield of potato flour was about
0 per cent on the basis of raw tuber. _
lour from drum dried potato flakes; Drum dried
flakes were processed according, to McG McBeant
from the same potato variety. For improving the spread-
Ing and drying characteristics during dium’ drying, the
level of solids” was ad{usted fo an _oi)tlmum_ of 12
per cent on the basis of preliminary trials. Drying was
carried out on an Escher-Wyss double drum drier—
Masc 231 usm/g the following conditions; (/) Steam
ressure: 5 kg etm2, (if) drun clearance: 0.5 mm, and
H) speed: . _ _
he flakes were ground in the Kamas hammer mill-
ag%y 200A usinga sieve with an aperture diameter
mm

S
of 0.8 mm.

Cooked potato mash: ~In the preparation of cooked
mash, the steps followed were essentially the same as in
the case of drum dried flakes with thé elimination of
dilution and drum dryln? operations. .

BIergjm ofpotato Hour mked mash wﬁh wheatflour:
According to” Chandra Snekara and Snurpalekar/, a
maximun level of %5 8% %otato flour from dried chips

DO WD

could be blended with 85 g wheat flqur in the preparation
of wheat-potato bread. Drum dried potatg flour and
cooked potato mash were also used for blendln%] at same
Jef\jlsei!q’s viz., 153 and 79.0 g respectively on equimoisture

Bread making quality and evaluation: Bread making
trials were conducted according to Malt-Phosphate-
Bromate method of Irvine and”McMullang with the
modiifications of using 1 per cent fat in the formulation
and a fermentation time of 105 min instead of 165 min.
The level of water was 4 per cent less than farmo?raph
water absorption af 500 B.U. in the case of potato flours
to avoid stickiness in the dough, while, in.case ol cooked
potato mash, the same level was maintained by adding
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Table 1 effect of addition of 15% solids from differentl E E rocessed potato on the

QUALITY CHARACTERISTICS OF WHEAT
Form of Water added Loaf voi. Crust colour Crumb Overall
potato as (ml) (cc) Colour  Compressibility ~ acceptability
(kg/V)

Dried chips flour 176 505 Daik brown Cream 128 Satisfactory
Drum dried flake flour 76.5 500 Blackish brown  Brown 150 Fair
Cooked mash 20.0% 510 Dark brown Cream 108 Satisfactory
Wheat (control) 65.4 600 Brown Cream 1.0 Excellent

t Al the breads except control had a slightly coarse and somewhat non-uniform crumb grain.
**After taking into consideration the high moisture content.

only 20ml water, a er taking into consideration the cQ tarnrn drum, drje d’ otato gour Was Lina ceevnble
mojstur presentb ngas Wit necessrve Ik Crust an asome at bro n
era acceptanility of the breads was arrived at - crum S g rurt r] epdare Wi
ont maxr UM SCore 0 %00 usin tewerh rea nt mrng o tofours te read a0l On COOK-
rent parameters acc(?r hng pot%t better avour and softer crgr]t
|s o tota score Qnta & &nt e cate e values tor compressidility

vvere t%rade ollows:, Exce ent ood: 81

recording Its compres- cos |on roce |n%
S Texturometer-GTX Using uanty ked
%tarnrng ompa dable

sliges” of 13 cm

resu]f present(ed misTabIe Lind| |ate that, bread |m rove crumg SOrNESs Thrs ?hrgn as('tt fs
eal BOO ot {0 Htas com-  practical |mportan £ Of Usin coe potato

Para Ie tot len eat and potato reParatron of wheat- Eota reags, In view 0
lour processe from rre chrps in contrast, t ebread ncfeasing energy Costs In several Countries.

0
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Fig. 1 Crust appearance of breads based on 85:15 blends Fig. 2. Crumb appearance of breads based on 85:15 blends
of wheat flour and differently processed potato of wheat flour and differently processed potato
|. Flour from dried chips. 2. Flour from drum dried flakes. L Flour from dried chips, 2. Flour from drum dried flakes.

3. Cooked mash. 3. Cooked mash.
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PARTIAL SUBSTITUTION OF MEAT IN DENDENG
GILING WITH BREADFRUIT AND CORN GRITS
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Preliminary experiments have explored the possibility of
substituting breadfruit for meat at levels up to 30% and
corn grits for meat at levels up to 20% in dendeng, an
intermediate moisture beef product of Indonesia. The
substitution of a combination of 15% breadfruit and 10%
corn grits for meat gave a product with acceptable orga-
noleptic properties.

Breadfruit SArtoca_rpus altilis Fosberg, with synonyms
Silodiitm atile Parkinson, - Artocarpus™ commuriis, Forse
and Artocarpus incisa LF.) s a tree-borne frut fit onlY
for cookln% and IS often”eaten as a vegetable, It iS
consumed Dbaked, boiled, roas.ed or fried"and when cut
in slices it tastes much like bread or roasted ootatocs]

Recently, Graham and DeBravo2 studied the nutrient
content of the skin, ste%)Ius heart and the pultp of ve
Immature, immature, mature and very mature bread-
fruit (Artocarpus communis J. R. & G. Forse).  The
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major component and the principal carbohydrate in all
three sections and at all stages Of maturity was starch,
while the protein content varied from 4.6 t0 59 percent,
6.0 to 7.6 per cent and 38 to 4.1 per cent in the skin,
stem plus heart and the pulp, respectively.  Compared
to other starchy staple foods eaten by natives of the
tropics, breaafruit can contribyte appreciable amounts
of the principal nutrients and is also a relatively good
source of iron, calcium, potassium, - riboflavin “and
niacin.

Corn grits are used as a main food in some regions
of Indonesia; Lie-l I‘%Bor‘ted In the National Socio-
economic Survey (1969-1970) that the average con-
sumption of maize In Indonesia was 74 g/person/day:
they contain /27,8 per cent protein, 05-1.0 per cent
fat"and 72.3-750 per cent carbohydrated.

&The preparation of_denden?S involves slicing of a
whole cut of meat, but it may also be made from minced
meat in the form,of strips, & Rr_oduct known as dendeng
glllng. As meat is quite expensive, attempts were mad
0 USe breadfruit andfor Corn grits as a partial subs-
titute of meat.  Dendeng glllngf contains apprommatelg
r cent ;t)rotem 9 per Cent'Tat, 40 per cent sugar,
per_cent salt and 20 per moisture. _

The quantities of the ingredients used for L kg minced
meat (round steak) are 20 Pcoconut sugar, 55 g cooking
salt, 60 g coriander, 7 g garlic, 8 ¢ tamarind and2 g roots
of greater Galangal. ~The flow Sheet for dendeng giling
Preparatmn IS given In Flfg. L. The AOAC procédurg
or the determination of moisture content of meat
and meat products was followed-' and a Vaisala HM 11
humidity ‘meter and probe calibrated against seven
saturated salt solutions in the RH range from 52
(sodium bromide) to 97 per cent (potassiim Sulphate)
Was Used for watef activity (aH) determination, A scorin
difference fest as recommended by Larmond7 was use
to determine differences betweeri samples due to the

Fresh meat
Minced using man!_JaIIy operated mincer
Mixed with the ground spices,'lcoconut sugar and cooking salt
Formed Ii_nto strips
Put onI trays
Dried in the an for 2-3 days

Dendeng giling

Fig. 1. Flow sheet for preparation of traditional dendeng giling.



SUBSTITUTION OF MEAT IN DENDENG GILING WITH BREAD FRUIT AND CORN GRITS

327

Table 1. Aw MOISTURE CONTENT AND ORGANOLEPTIC SOORES OF DENDENG GILING PARTIALLY SUBSTITUTED WITH

BREADFRUIT AND CORN GRITS
Minced ~ Breadfruit*  Corn grits Moisture content (°/,) Organoleptic score” overall
rre;a)t (%) (1) Ar (wet wt hasis) Colour  Flavour  Texture acceptability
0
Experiment |
100 — — 0.67 217 7 7 6 7
90 10 — 0.62 164 6 6 6 6
80 20 — 0.59 180 6 5 6 6
10 3 0.61 199 5 5 5 5
Experiment 1
100 — - 0.63 188 7 7 7 7
90 — 10 0.61 172 6 5 5 5
80 — 2 0.59 179 4 5 4 5
10 3 0.63 196 3 3 4 4
Experiment 11l
100 — - 0.59 191 7 7 7 6
7 5 10 0.59 20.2 6 6 6 6
50 3 2 059 199 3 3 4 5
5 45 Rl 0.60 195 3 3 4 2

‘Samples were sun-dried for 2-3 days; temperature on the trays was in the range of 37° to 57¢C
+Mean scores of 60 panelists for rankings on a 9-point hedonic scale, 9=like extremely, 5—neither like nor dislike I=dislike extremely.

supstitution by breadfruit or corn grifs. The data obtain-
ed was examined b}( analysis of variance and Duncan's
multiple range test to find out if there was a significant
difference between samples. o

The results shown in Table 1 indicate that increasin
the amount of boiled breadfruit decreased the awan
moisture content comE)ared to the control. The moisture
content increased with higher additions of breadfruit
which reduced the high “evaporation rate and also
absorbed water from the meat durln% drying. Organo-
leptic tests showed that colour, taste, Textdre and flavour
of dendeng substituted with 10, 20°anc 30 per cent of
breadifruit were not different to that prepared from 100
per cent minced meat. _ o

Dendeng PrePared using_corn gnts subshtutmg for
meat at levels of 10, 20 and"30 percent also had a promis-
Ing shelf life, but organoleptic tests for these products
shiowed that the texture, colour and flavour were affected
by_the substitution of corn grits (P<0.01).

The colour of dendeng prepared with 20 and 30 per
cent corn grits was différent to that containing 10 per
cent or no"added corn grits, with the Xe_llow com grlts
giving a lighter colour compared to traditional dengeng
which is dark in colour. The texture and flavour of thé
s?m les were also affected bY the substitytion, with an
elastic and chewy texture obtained from the gelatinised

corn starch produced during cooking of the corn grits,

Dendeng prepared from & combination of breadfruit
and corn Qrits FT able 1) with meat content varying from
100 to 25 per cent was also examined. The combination
of substitute aqents ave no effect on either aw or
moisture content of dendeng giling.  The organoleptic
tests showed that, colour, “taste, “texture and flavour
were again significantly affected by the substitution
P<0.01). The texturé of 100 percent minced meat
endeng was not ditferent from the denaeng prepared from
15 per tent minced meat, 15 per cent breadfruit and 10

r cent corn grits, but was ditferent to samples prepared
rom_50 per Cent minced meat, 30 per cent breadfruit
and 20 per cent com grits and to that from 25 per cent
minced . meat, 45 Eer cent. breagifruit and 30 per cent
com grits.  The Substifution of 45 per cent breadfruit
and 30 per cent corn ﬁuts for some of the meat gave
worst product as Jt showed a light uneven colour, a
strong flavour and a taste of corh grits which was un-
usual” in dendeng. _

Since. these products were prepared by sun-d mg,
no uniform productjon congitions could”be qbtained.
However, these finaings Indicate the value of further
stydy on the use of a combjnation of breadfruit and com
gnts as less expensive and . readll)( available local meat
Ubstitutes for" incorporation Into modified cendengs
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whrch cost Iess to manufacture but still contain reasona-
ble_levels of ani tﬂ rh

The authors wish to the Australian Universities’
International Development Programme (AUrDP) for
funding this work.
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Cow and buffalo milks were analysed for dissolved oxygen
content by oxygen analyser which worked on poiarographic
principle. Buffalo whole milk contained significantly higher
amounts of dissolved oxygen than that of cow, while in the
skim milk, it was similar in both the cases. This may be
attributed to higher fat content as well as the nature of tri-
glycerides in buffalo milk, Though dissolved oxygen content
of milk decreased with increase in holding temperature, in-
terestingly, milk chilled and held at 5°C showed significantly
lower levels of dissolved oxygen than that held at room
temperature.

Drssolved omen in milk causes oxidative. changes
in milk roducts involving autoxjdation “of
lipids] destructron of water solublé vitamins23 and
Influences the bacterial quality of milkd.  Dissolved

journal of Food science and technology, vol.2'l, sept.'oct. 1984

?(en in milk can be etermined by simpler deviges
wor mg on poiarographic principled” A comparagive
stuay of dissolved xygen content of cow_and” buffalo
mrlyhand effect of holdling temperature on it is reported
in
Mil saﬁtples collected directly from five animals, in
sterile_glass botles were poole tooether and a_small
quantity from this composite samples was centnfuged
at 1500°Xg, cooled and the skim mrkportron was drain-
ed off by puncturm% the hardened Cream layer. Pre-
cautions were taken 10 obtain the skim m|Ik in asceptic
condition, which was then covered with a ayer of I|qu|d

paraffin to avoid diffusion  of 0 from te
atmos here.. The content of dissolve xy]gen n m|
etermined with the help of “Bioctiem oxy

analyser which worked on porar%graphrc pnncrpe
The "measurements were clone at 40°C with_ previous
calibration for air saturated water at 6.6 ppm of dissolved

X}ﬁ order to studly the effect of holding temperature on
the quantity of disSolved oxygen in milk, the asceptically
collected oooled raw milk"3 amples were divided into

4x200 m portrons and were “su Jected to drfferent
treatments vrz |mmed|ate y chil e to 5, (i7)
heated to 7 eate 0 boiling tem eratuiré

0eC
6-97°C) and /) rought own to room temperature
25dC). " After the treatments, samples were held at
respective temperature for 15 min and were covered on
top with a layer of liquid paraffin to prevent exposure
t0_0Xygen

The dissolved oxygen contents of whole milk (soon
after milking) and skim milk (soon after separation) of
cow and butfalo are given in"Table 1 The dissolved

Table 1 dissolved pr)’ in V\Qole and sdmmilk, of

Sample Cow miik Buffalo milk
No. Whole ~ Skimmed ~ Whole  Skimmed
1 53 49 6.0 5.2
2 53 5.0 6.0 5.2
3 51 48 59 54
4 49 4.7 6.0 5.2
5 54 5.2 55 50
6 5.2 5.0 5.1 49
7 5.7 53 5.1 50
8 53 51 5.1 51
9 56 54 6.0 50
10 47 45 59 5.0
Mean 525 4,98 585 5.16
“t" value 2.24% 591#*

Significant at  *5 per cent and  **1 per cent levels.
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Table 2. effect of different holding temperature on dis-

solved OXVGEN CONTENT (PPM) OF AND BUFFALO MI'K
Sample Temp at which cow milk  Temp at which buffalo milk
no. held for 15 min held for 15 min
5°C 25°C 70°C 96-97°C 5°C 25°C 70°C 96-97°C
47 52 49 46 48 57 54 50
48 53 51 47 49 58 54 49
45 51 48 44 48 56 53 49
48 53 50 47 49 57 54 49
45 49 47 44 48 58 54 50
46 52 49 45 50 59 55 52
48 53 50 46 52 60 56 52
50 56 52 48 52 59 56 53
9« 43 47 45 40 47 55 52 48
10 47 52 48 45 47 78 53 49

467 518 489 452 49 577 541 501

oo J o U1l B~ W PO —-

oxyﬂen content_in whole milk of buffalo was_signifi-
cantly higher (P<0.05) than that of cow. However,
there”was no significarit differences in the oxydqen con-
tent of cow and buffalo skim milk.  The "dissolved
oxygen content of whole milk was si%nlflcantl higher
than that of skim milk in both cow (P<0.05) and buftalo
PcO.0l). - Buffalo milk fat is shown to contain signifi-
antly h%gher quantities of dissolved oxygen than cow
milk fat7" The absorBtlon of oxygen by buffalo milk
fat is also shown to be at greater"rate than cow milk
fat8 Hence, it can be concluded that the higher
|evels of dissolved o_x%gen naticed in buffalo whole milk
but not in skim. milk;”may be due to the differences In
the nature of trl%lycendes and also higher fat content
in_buffalg milk than in cow milk,
. The effect of temperature on dissolved oxygen level
in cow and buffalo milk is shown in Table 2. “Analysis
of variance of the data showed that the dissolved oxygen
content of both cow and buffalo milk decreased sigrifi-
cantly with increase in the holding temperature. ~ The
decréase In dissolved, oxygen with™ respect to holding
temperature was squlcan between all the treatments,
his may be due 1o the slow escape of oxygen In milk
as the temperature is raised. However, interestin I}l,
milk chilled and held at 5°C also showed signific tﬁ
lower levels of dissolved oxygen than the unchilled mil
held at room temperature. " This may be due to_ greater
degree of solidification of fat in chilled milk whic ma¥
hinder the absorption of owgen by milk fat and accoun
for lower levels of dissolved oxygen.
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Rats with severe hypercholesterolemia were continued with
10% vanaspati or fed with walnut kernel to provide 10%
oil or cold pressed unrefined walnut oil.. ~ Growth during
4 and 8 week period of this feed intake was normal and
there was no difference between treatment means with
respect to body weight. During the 4-week period choleste-
rol in serum decreased from 230 to 125 mg per cent with test
fats, and this decrease was not further observed with
continued feeding upto 8 week period.

The hgpocholestero_lemlc effect of a test fat was
asssesed Dy the following method. Rats are first made
hypercholésterolemic with a dief containing _tallow or
vanaspati (partially hsydrogenated vegetable 0ils), chole-
sterol and Dile salt. ubsegu,ently, the diet is changed to
Include the fat to be tested in partial or whole replace-
ment of tallow or vanaspati. Efficacy Is judged by
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chan?e to lowering of elevated serum cholesterol observ-
ed with the test fat. The second period of feeding (test
period) is generally of 4-8 weeks duration-3

Longer the test period, more IS the_time to ?et_the
results"and in addition, mare :he requirement of diets,
test fat anal associated facilities for maintenance of rats.
At the same time, the test period should be of such
duratjon that would allow the serum cholesterol to an
e%ulllbrlum level to enable proper evaluation of the
efficacy of the test fat, _ _

In order to find out the optimum period of test feedln_([q,
which brings down serym cholesterol level of rats to It
equilibriunt level, experiments with test periods of 4 and
8 weeks duration was conducted. The test materials used
were walnut kernel and its oil.  Walnut ?Juggans regia
kernel contains about 65 per. cent. of qil of which abou
60, per cent is accounted by linoleic acid which has esta-
blished serum cholesterol fowering effect. De5|gn of the
expesrlmer%t alngl the composition Were same as 0escribed

en et al.

yAdult male rats of Wistar strain wejghing about 150g
on an average were fed pre-test diét containing 0,
per cent cholesterol, 0.5 per-cent hile salt and 10 per cent
Vanaspatl for a period of 4 vieeks (pre-test period) to
ensure severe hypercholesterolemia,  The rats were

JOURNAL OF FOOD SCIENCE AND TECHNOLOGY, VOL. 21, SEPT./JOCT. 1984

divided into six groups by randomised design, each
group having 9 ratS, Two, groups (A & B) were continu-
&d to be_given pre-test diet i.e., containing 10 per. cent
vanasloau while in two groups (C & D) vanaspati was
completely replaced by walnut kernel to provide 10
per cent oil from it. 1N remaining two groups (E & F)
vanaspati was replaced completely by cold pressed un-
refined walnut oil. _

Vanaspati of a standard brand and walnut obtained
from Kashmir and stored at 2-3°C were utilised in the
experiment. Walnut oil was, obtained by cold pressm%
of kernel in a Carvar press with a free fatty acid conten
0f0.6 per cent as oleic acid and with linoleic acid content
of 60,7 per cent on the WEI%h'[ of fatty acids. Kernel
had 2.1 per cent moisture, 66.5 per cerit crude fat, 67.1
per cent total lipids, 18.3 per cent protein and 2.0 per
cent ash.  Weight and diet consumption were recorded
at weekly interval. At the end of test period, rats were
fasted overnight.  The animals were anaesthetized and
blood collected from heart by cardiac puncture, — serum
was, analysed for total cholesterol according to the
method of Sackett4. _ _

Growth during 4 and 8 weeks period was quite normal
and there was no difference between any treatment means
either at the end of 4 or 8 weeks period (Table 1),

Table 1. food intake and increase in bodv weight during 4 and 8 weeks test period

Mean body weight (g)

Mean food intake (g) in test period

Diet Initial (pre-test Initial Wt. increase during test period 4 weeks 8 weeks
period) (test period) 4 weeks 8 weeks

Vanaspati 160.6 29.7 7074 .8 — 692¢9 .7« -
Vanaspati 154.7 2318 — 12376.0° — 1288;10.7¢
Walnut kernel 155.2 229.0 76748 — 675¢9.7"

- do - 156.4 230.0 - 123"6.0" — hel0. 7"
Walnut oil 1571 229.9 75.84.8« — 655¢9.7* —

- do - 1533 232.3 — 11316.0« — 1265¢10.7¢

Means carr%iﬂng the same superscript in a column are not significantly different (P<0.05)

Values are Mean”S.E.

Table 2. comparison of terminal serum total cholesterol (mg per cent) after feeding test fat for 4 and 8 weeks

Test period (weeks) Vanaspati (Gr A & B)

Mean;SE Tr value,SE
4 228,26 2.35660.0464
8 213;24 2.3834;0.0409
Test of significance* 15 0.0268

Tr value:  Transformed value

Walnut kernel (Gr C & D)

Walnut oil (Gr E & F)

Mean;SE Tr valug;SE  Mean;SE Tr value; SE

123;30 2.0765,0.1136  ";26 2.0891;0.0939
(21 2.0633:0.1116  ~; 10 ("i0.0324
4 0.0132 T 0.0316

*Results oi test of significance by students test fby two tailed test at 5% level); none of the n eatnient means were significant at P<0.05
Groups A, C and E are 4 weeks test period; and groups B, D and F are 8 weeks test period.
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Serum cholesterol conforms to a log normal distri- References

bution5and so in the present study, the sgatlstmal analysis
for terminal serum cholesterol Values was also carfied
out on the transformed variate using Iofg}anthmw
transformation (Table 2). In 4 weeks period, cholesterol
level came down from about 230 m% per cent to_about
125 mg per. cent with test fats and there was no further
decreaSe with continued feedlng. Difference between
two means for 4 weeks and 8 weeks period for any one
of the fats tested, vanasapti (Groups A & B), walnut
kernel (Groups.C & DQ) and walnut oil (Groups E & F)
was not significant (P<0.05). _

The results indicate that test period (excluding pre-
test period) to evaluate a fat for possible h)g)ocholestero-
lemig effect in cholesterol bile salt stressed rats may be
confined to 4 weeks, _

We offer our thanks to Dr. B. L, Amla, Director of
the Institute for his keen interest in the Investigation.
QOur thanks are also due to Mrs. Indira A S. Murthy,
for statistical analysis of the results.
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of Melon Seeds

M. S. Teotia and P. Ramakrishna*
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The review covers aspects like collection and separation of water melon seeds, processing for oil extraction; physical

and chemical composition of seed; composition of seed cake; nutritional quality of melon seeds; storage behaviour of

seed oil; enzymes present in seed;

Introduction

Melons belong to the family Cucurbitaceae which in-
cludes musk melon, cantaloupe, water melon, cucumber,
pumpkin, and squash. Generally, only fleshy part of
the fruit is consumed and the seeds, which are rich in
protein and fat are discarded. A small quantity of seed
kernels of some melons is used in the bakery, and con-
fectionery products. These seeds are also consumed
after roasting in the preparation of beverages. The seeds
are a rich source of enzymes, particularly urease and are
considered as a diuretic and beneficial in chronic or
acute eczema. The seed cake is reported to be free from
alkaloids and cynogenic glycosides and can be used as
cattle feedl. Thus, melon seeds can form an important
food article.

In the absence of sufficient information on melon
seeds, an attempt has been made in this review to compile
and collate the available information on the chemical
and bio-chemical aspects of the melon seeds.

Collection and Processing

There is no definite set pattern for collecting melon
seeds. Some vendors collect the seeds in small quantities
and sell them to shops after washing and drying. Some
house-wives also collect them for their own use.

Separation of seeds from the pulp is done customarily
by drying the seeds along with the pulp, when they can
easily be separated. Another method followed is allow-
ing the seeds with pulp to ferment for 1-2 days, washing
and drying in the sun. In the chemical method2 the pulp
is treated with hydrochloric acid and sulphuric acid
(C.P.), washed and dried.

A highly economic and labour saving technique has
been developed by Kirpal Singh et all wherein the seeds
are spread on cemented floor and dried in the sun with
occasional turnings. Feel of the seed is an index of
proper drying for safe storage. Optimum crying is
ascertained emperically by pressing the seeds between
fingers.

*CFTRI Experiment Station, Lucknow.

Present address:
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and Ogm, a food condiment from fermented melon seeds.

Table 1. dehulung of wafer melon and musk melon seeds

Water melord
Product Trid 1 Tridl 2 Musk melonb

“Vihole adome() B0 A0 G
g )y g

Total meat fraction %9 510 520 6843
“Whole ad coa%@ ORI
r Wi aion 25)

TotaJ hull fractlon 9 85 40 08

Reports on large scale processing of water melon and
musk melon seeds for oil extraction are scanty.4.5
Cleaned, dehulled seeds are crushed in an expeller to
obtain oil.  Characteristics of hulled seeds are given
in Table 1. However, 45-65 per cent of the kernels are
reported to be contaminated with powder and hull.

Physical Composition of Seeds

Data collected at our laboratory, on physical compo-
sition of the water melon, musk melon and long melon6
seeds are recorded in Table 26. Characteristics of 4
varieties of musk melon are given in Table 37.

Table 2. physical composition of melon seeds

. ry seed Bulk densny
Fiuit — Yield s composnlon lﬁl/
H 1 Ull" Kermel
i e
Watermelon 080120 &2 073 046 020 050
Mekmelon 13520 B 25 300 065 010 054
Logmelon  — @ X 213 046 012 0%
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Table 3. physical composition of musk melon seeds (dry) of
DIFFERENT VARIETIES

. Yieldof  Av. | i

Variety Wt %@ Oorrpsoeselgon o
(%ay) (mg) (L) Kemel Ml

%) (%)

MF. . 15 0 047 51 409
Pujb Sreri 00 B 051 690 310
Hara Machu 20 &2 05 70 200
Punjab Hybiid 5 3 0 73 27

Abdel Akheir et al.8 studied some of the physical
characteristics and chemical properties of 3 varieties of
water melon seeds and reported the mean kernel/shell
ratio to be about 0.94, whereas the mean kernel/shell
6a7ti306of commercial water melon seeds was found to be

Rakhimova9 studied the physical changes in the seeds
during maturation. The weight of the seed and the ratio
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of kernel/seed weight increased with increasing matura-
tion. Also, overall dimensions of melon seeds increased
most rapidly at 30-50 days after blossoming, it is also
observed that the seeds from the early maturity melons
deteriorated qualitatively during storage whereas storage
of seeds from the average maturing melon did not
seriously damage the seeds. For storage of melon seeds,
the recommended moisture level is reported to be less
than 6 per cent2.

Chemical Composition of Seeds

Composition of seeds, kernels and hulls of water melon
and musk melon is given in Table 4. Melon seeds are
rich in oil, protein and minerals14,57-13. Crude protein
content in water melon seed kernels ranges from 24.2
to 37.0 per cent. The fat contentin water melon seed
kernels ranges from 44.4 to 57.0 per cent. In musk melon
seed kernels, crude protein ranges from 31.0 to 35.8
per cent and oil ranges from 42.02 to 47.0 per cent.

Chemical composition of water melon seeds from vari-
ous parts of the fruitis, during maturation of the fruit;9
carbohydrate content during post-harvest period15 and

Table 4. CHEMICAL COMPOSITION OF MELON SEEDS, KERNELS AND HULLS

Moisture  Crude Fat FF - Ash id in-
proten ?foﬁ . Cgrrgt%shy % soﬁ%? ash
(%) (%> (%)  (%oleicaid) (%) (%) (%) (%)
Water melon
Kermels1 71 U3 444 - 48 6.7 27 —
Seeqis8 485 18.98 26.70 — - - 24 -
Kernels10 — 31.37 54,57 . _ — — —
Kernelst 2. 24.2 548 — 116 30 37 —
Kermels11 31 288 484 — 93 6.8 42 -
Seeds? — 31.02 222 — — — — —
Seackd 54 197 214 04 123 329 23 0.10
Kernels4 49 34.2 51.9 0.7 44 17 29 0.1
Hull4 85 2.2 23 54 236 61,9 15 031
Musk melon

Kermelsl - 8 446 - — 56 —
Kermels? 537 — 45.10 - — — 479 —
Kemels/ 457 — 4590 — — — 459 —
Kemels/ 451 — 4202 — — — 494 —
Kernels7 475 — 4340 — — — 410 —
* 68 21.3 330 — 52 300 40 N!I
Kermelss 6.2 310 470 — 12 33 5.3 Nil
Hulls5 8.6 2.2 21 — 6l 79.0 14 Nil

ardned "
Superscript indicates reference nunmbers,

*Tre edanalysis is of sound seed weshed in weter to free it from pulp and achering soil, and wiped with filter paper and
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the mineral contentl<U7 have been studied. Proteins,
fat and carbohdvrates increased between 20 and 60 days
in melon seeds during maturation of the fruit and then
decreased. Artificially matured fruits exhibited lower
content of carbohydrates, protein and fat in the seeds.
Seeds from the various parts of the fruit differed in
weight, moisture and composition while the seeds from
the central portion had the best reproduction character.
This character deteriorated on storage.

Datta et a/.18 studied the oil distribution in different
parts of some cucurbit kernels. Water melon and pump-
kin which had the highest 1000 kernel weight (42-91 q)
also had the highest endosperm ratio (12-13 per cent)
and highest oil content (50.8-51.8 per cent).

From Table 5 it is seen that the whole seed has got
excellent storage stabilityd. The oil content, free fatty

Table 5. storage behaviour of water melon seed, kernel,
KERNEL POWDER AND CAKE4
. Storage period in days
Characteristis  Initial 30 50 9 1200 150 180

Moisture (%)

Wholessed 57 48 56 61 72 70 79
Kermel 34 40 79 46 53 53 64
Kemel poacer 34 48 38 48 54 54 77
Cake 38 61 59 70 81 77 93

il (%)
Wholesed 275 285 283 — 285 285 276
Kermel 59 531 — 531 515 530 530
Kemel poncer 469 460 462 455 455 457 440
Cake 88 88 82 86 80 87 80
Total protein (%)

Whole seed 197 214 197 194 195 198 195
Kermel 360 360 — — 350 326 342
Cake 24 418 428 — 385 390 390
Free fatty acids

Whole seed 0 — — — 08 10 12
Kermel 091 147 27 35 53 64 66
Kemel poacer 23 50 121 177 236 305 368
Cake 29 29 35 38 40 52 —

Peroxide value

Whole seed 19 45 36 63 38 91 28
Kermel 33 22 18 111 45 93 67
Kemel poackr 33 52 61 33 38 43 37

Kreis colour of oil in red units in 10 mm cell

Whole seed 34 96 91 60 48 100
Kermel 18 48 91 — 33 35 716
Kemel poacer 26 57 49 — 34 41 42

JOURNAL OF FOOD SCIENCE AND TECHNOLOGY, voL. 21, septJjocT. 1984

acid and protein contents of whole seed do not change
even after 6 months of storage. Coarse kernels cannot
be stored for more than 2 months without allowing free
fatty acids to rise beyond permissible level. Kernel
powder keeps very badly; its free fatty acids rising
rapidly. It is, therefore, recommended that dehulling
of water melon seed be done only w'hen required for
continuous crushingd.

Protein:  Musk melon seeds contain all the essential
amino acids, although tryptophan occurred in low
amounts (0.3-0.4 g/16 g nitrogen)19.

Akpapunam et al.n explored the possibilities of
protein supplementation of cow peas with water melon
seed protein. Amino acid composition reported is given
in Table 6. Nitrogeneous matterlis presented in Table 7.

Table 6. amino ACID T(I(EIB-'?PER 16 G nitrogen) composition of
WATER MELON SEEDSI
Wetei melon seeds  Scoring pattem

AmIno acics Nigerian ~ American  FAOMHO/
var var 1973
Ioleucine 35 33 40
Leucine 6.6 6.4 70
Lysine 29 27 55
thionine 24 25 35
Ine 10 11 —
nylalanine 5.0 49 40
Tyrosine 26 30 —
T reon&n]gn 39 38 i%

0 18 19 !
V%_[e 46 42 5.0
Alanine 55 5.4 —
Arginine 120 122 -
Aspartic acid 74 78 —
Glutamic acid 138 142 —
Glycine 48 44 —
Histicline 18 18 —
Proline 27 26 —
Serine 44 42 —

Table 7. nitrogenous matter in water melon seedsl
Component Per cent
Glutelin 94
Globulin _ 734
Water soluble protein 6.3
Proteoses 35
Peptones 11
Arginine, Traces
Canavanine Nil

Citrulline il
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Table 9. comparativ utriti al cha cteristics of water melon eds with other legumes and nuts

Proteln efflaen%y ra1|oStaff | |b|(|j|ty - UB.Vh ltlJPL#]

AKOHQ}J mo

et Tm gT?SZ et a(i33 Ce)t)/ear]%a et aI03r3 etrgPSZ et g}(.)32 etal.32

Water melon 07 1316 24 I g9 N8 64l
Conpeas 17 — — — — — — —
Sesame 12 - — — — — — —
Welnut — — 9 — 872 — — -

Locust bean — 088-1.20 181 — %6 87-%9 13h 5065

( jngia gaeboneni@rnel — 0.17-049 - — — 879 135 55

B.V.= Biological value; N.P.U. = Net protein utilization.

Oke13 repo[ted water melon with nﬁt dleta Erotelg Fat; The. seeds from dlfferent varletle and ,ocat ons
er cent of ca orlesa5128 Amino acid ana contal atin a |n [%ercep ages The 0| iSvel OWIS Qr
at Iysine is the first [imiting amino acid in aterme gree{ n o ant odouran tstea dis
Te hemica ﬁcore IS 63, 0r €00 mgaandasnumma]nt a rs ave
Vioo ¢t &/.3 have determined the essentia mlno Cld 1p ted tech acterls*lcs of gextrace 0l 11034
Br?osn\on nutritive valle, true ligestibi tha g, Its
#1 glca 0? Ue, groteme iciency ratio; and net protein  (Ta

ellg hapa et al, ?oun Ogl] ?\alrtl?at gE%;

melon” seeds attern In %eeso water n]elon muskmeci CpL1 B
Umon et aI3 have Stu?'%fj e nutritive aIu of an e li / 9 éIC stearlc ogl Inoleic
water melon sees ng concly ﬁwater meon rit and linolenic acids, ofgic an Imoae S togetner
IS nutritious.  Staffard et Zf ave also ascertaing Ag constitute ore than 80 pe Lcent the fatty acid
utrllnve value of water melon seeds and conclude gntent the ol In_ anot Fr stuay Bnatla et al.2s
sine was the Jimiting amino acid. The comparative tified el tcasses of po Tan 0N et al.2
putrl ve characteristics 0 wateé melorbfeedsw other re orteq an Vel { %eger ce 0|l from the seeds of
equmes and nuts are presented In Ta ripe melon. ~ Aodel Akner et a/34 studied the stability
Table 10. characteristics eton SEED OIL
ific N, lodi Acid n|f e Refractive
gravity m ﬁ va\ue ﬁé@
_ Musk melon
Wealth of Indial 0.9174 294.3 125.5 3.9 0.6 —_.
. (23.5°C)
Ranﬂanhna et al.3 0.9170 103 28. 2.0 0.9 1.4682
(34°C) thJS) (40°¢)
_ Water melon
V\Ba]th Of Indla]. 0.914-0.923 190-198 115-125 - 0.7-1.3 1.463-1.467
(15°C)
Lﬂl@hmmrayana et alA 0.9166 193 23 3 16 1.4668
(30°¢) (WJS) 40°c)
Oyenl-ga et al.10 - 192.8-194.6 11.3-1-118.7 - _
OKenmdy et al.2» 0.9225 170.1 112.4 1.75 1.31 1.4723

Badarm et al3b 278.3 126.6 11

1.4682
(30°C)
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69 days stability, respectively at 62°C and 72-76 and
e evyel

ol me'md ) 2830(: jﬁotsa?o Wo%e [nFeg m cotzt%or;:en :‘[‘Q]erg“ﬁe
.ty acids  Weglth Oyenuga Bﬁiﬁ' of |
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Caprylic en |f|e
Capric ll - - 1.20 - —
Laurie 05 — — 3% — — Storage qua[lltydoft seed 0|Ist f | '[n
Mriic 02 — 20 U Uipadation paint of view, duce gl i
pmiic 76 0186 — BA 32 13 Steac?esstm ol t “ed : Qtv)YSraCxFe 3'a uenrltses
Stearic 61 136168 — 07 54 02 stea ncrue Ie ne e IS urmg
Oleic ®5 13627 BH 47 D7 81 storag Freeft aclds cate orleso 0|sr malp
Lioéc 487 23519 56 540 2 &1 JoEd esg“toﬁ K as e Sﬁe e%“Vf “a VILES
Aachidc - - — — 09 — W} 20 mus me é)” gﬁ 1t'is seent tqn
Caproic . ] storae the fgegffat / eva unetegtgl gsr(]e \t/eC slcgﬂ

Lo _ nside

Feadkceno 0% ln he eof raw ol Bﬁ %e increase 0 ox@aﬂver ncid

Jwtef Win decreasmg order, refined beac
8I| extractedf from two varieties ‘Ko.igo chilljan Ja Iclé Ia 8 J ?.ﬂ
‘Giza I ot water melon seeds and reported 9-12and It Is observed in these studies that the peroxide values

Table 12. storage behaviour of crude, refined and bleached water seed oils4

. Krelscol ur red |ts lbond co
orae Free fatty acids Peroxice value ]?) n‘n (Y+10R) units in %’I cell
) O R B o R B o 8o R
0 1.35 0.14 0.15 26 62 4.1 6 9 5 22.3 13.4 4.0
30 1.59 0.24 0.18 112 14.5 13.1 10 14 7 26.0 15.5 4.2
60 1.37 010 0.09 17.2 24.1 28.9 14 15 ]1 18.8 11.3 2.2
90 1.57 011 0.13 25.4 32.0 48.4 — — — — - -
].20 1.50 012 0.13 28.2 36.5 53.1 12 13 ].2 24.0 12.2 4.2
150 1.51 0.15 0.16 35.7 46.5 79.2 14 14 14 23.0 7.4 3.5
180 1.54 0.14 0.16 44.8 54.3 89.4 15 15 14 210 9.0 3.1

Ct: Crude Re: Refined, Bi: Bleached

Table 13. STORAGE BEHAVIOUR OF CRUDE, REFINED, BLEACHED MUSK MELON SEED OILS5

. Lovibond eolour jn " cell
Stor Free fatty acics Peroxice value Kreis test red coloui bOQ(eijow+

. Re. Bl Q. Re. Bl G.. R B O R B8
12 0.08 0.07 5.8 - 6.5 20 16 ].2 42 + 8.2 18+1.8 4.6+ 0.4
1.25 0.09 0.08 9.8 23.2 18.8 19 17 14 37+ 7.8 15+1.6 4.1+0.3
60 1.3 0.]. 0.09 18.8 43.0 32.7 23 21 15 35+5.2 10.5+1.3 2.7+0.2
90 1.4 011 0.1 212 48.0 37.8 25 22 16 33 F4.2 7.8+1.1 2.3+0.1
].20 1.45 012 011 25.4 53.0 42.7 26 22 17 30+ 5.0 - 2-10.5

Cr: Onude;  Re: Refined:  BI: Bleached
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of refined oils are higher than those of bleached oils,
while in water melon seed oil, the peroxide values of
refined and bleached oils were more or less same upto
60 days, after which the values of bleached increa-
sed faster than those of refined oil. The decreasing
order for Kreis test is crude, refilled and bleached oil.
The Lovibond colours decrease perceptibly with storage
in the case of crude, refined as well as bleached oils.

Enzymes

Melon seeds are rich source of enzymes and mainly
among them is urease. Tnis enzyme has been isolated
and characterised from melon seeds.

The enzyme urease has been isolated, charterised40-44
and kinetics studied4s. Tne enzyme derived from seeds
of water melon appears to be more potent than those
of Jack and soyabean in the determination of blood urea.
One g fresh seed from water melon had urease activity
0f 2030 ju moles ammonia/min. The pH optima for
urease was 7.4 and the Km 35 mM.

Dikhtyarev et al46. in their studies to search for raw
material containing urease, determined urease activity
in seeds of 33 native and 30 foreign watermelon varieties.
Highest urease activity was found in seeds o f‘Jubike’ and
‘Klondike R 57" (22,500 and 18,600 units/kg seeds res-
pectively). Some varieties tested had no urease activity.

Malhotra et al.4l isolated a urease inhibitor from
melon seeds as an amorphous powder. It inhibits urease
of Cafanus indicus and of jackbeans non-competetively
with almost Ki values 0.64 and 0.45 mg/m| respectively.
The inhibitor did not give any colour with ninhydrin by
itself, but did so after treatment with trypsin. It moved
as a 'single spot on paper chromatography in a Ph
OH-H20 mixture (4:1 volivol. Ry=0.78) but failed to
move in a Bu OH-HOAC-H20 (4:1:1 vollvol) mixture.

Acid phosphatase

Seeds of 11 plant species including melon seeds were
studied with the object to observe the relation between
the acid phosphatase contents and the germinating capa-
city48. In the dormant state, seeds contained varying
amounts of acid phosphotase, which shared no relation
to the contents of sugar, proteins and lipids. Acid
phosphatase content found in seeds which failed to
germinate relative to those in inhibition stage was the
same in wheat and sunflower, higher in chick pea, flax
pea and melon and lower in corn, lentil, lupine,
kidney bear, and soybean4s.

Lipase

Seeds of musk melon from garma contain significant
lipolytic activity. The lipase in both the resting and
germinated seeds exhibits 2 pH optima i.e. 4.0 and 6.0.
Lipase activity, however, increase considerably on germi-

nation; from 3.4 units/g at pH 6.0 in the resting stage, the
activity increased to 11.1 units/g after germination to a
primary root length of 3 cm. Lipases having pH optima
4.0 and 6.0 showed different stabilities at pH 6.0 and
40°C which further suggests the presence of 2 different
lipases in the seeds of musk melon49.

The optimum temperature for the enzyme activity
under the assay conditions was 40°C and the enzyme was
rapidly inactivated at temperatures above 40°C. The
enzyme was activated by low concentrations of Ca2+
and Na+. The lipase hydrolysed ricinoleic acid glycerides
of castor oil faster than the glycerides of mustard oil or
soybean oil. The order of activity in the decreasing order
of the organic solvent system was Et, Me ketone, di
isopropyl ether, heptane, cyclohexanol more than or
equal to cyclo hexane49.

ogiri a food condiment from fermented melon seeds

Odunfa59 stucied the microbiology and amino acid
composition of Ogiri—a food condiment from fermented
melon seeds. The traditional method for preparing Ogiri
is described.  Micro organisms associated with the
various stages of fermentation were mainly bacteria; the
genera frequently isolated are Pediococcus, Proteus,
Klebsiella, Escherichia and Bacillus. The predominent
amino acids are alanine, lysine and glutamic acid.
Arginine and proline are present in low quantities.
Threonine is completely absent50.

Concluding remarks

It is apparent from the foregoing review that melon
seeds are rich in proein, fatty acids, and minerals,
Hence, the various possible ways of utilising the seeds
as food adjunct and additive in sweets, snacks and other
food items, need immediate exploration. However, at
present the only commercial utilisation of seeds in India
is as an adjunct in some of the sweets and snacks. The
drawbacks, probably, are lack of organised collection
of seeds and tedious manual dehulling. Some work on
mechanical dehulling of melon seeds, prior to oil ex-
traction, has been reported4,5. But 45-65 per cent kernels
obtained were contaminated with powder and hull.
However, recent6 trials on mechanical dehulling have
resulted in pure kernel fraction, without any powder
and hull.

The need to develop varieties of melon fruits rich in
seeds without adversely affecting the quality and quan-
tity of the fleshy portion and yield is apparent from the
review. Vaganov et al5L. worked on the role of trace
elements in increasing seed productivity of water melon
and squashes. Seed treatment with 0.1 per cent trace
elements (Cu, Li, Mo, Co, B, Mn or Zn) solution in-
creased the yield of water melon and squash fruits and
seeds.
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Deoiled melon seed cake, though not available com-
mercially at present, is a good source of protein and can
be used as protein suppliment.

Most of the work reported so far is mainly on water-
melon seeds and very little on musk melon seeds. No
work is reported on the rest of the melon seeds.

Apart from the mechnical dehulling of melon seeds,
studies on the following areas may be useful for a better/
integrated utilisation of melon seeds: (i) hull composi-
tion and utilisation, (it) changes in kernel quality during
storage, (iii) difference in quality of musk melon kernel
obtained by traditional and chemical methods of sepa-
ration of seed from pulp, and (i'v) level of fat soluble
vitamins in the kernels.
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Beverages: A Review

G. R. Patil, A. A. Patel, S. K. Gupta and R. B. Rajor
Dairy Technology and Engineering Division, National Dairy Research Institute, Karnal-132 001, India

Soybean and milk whey in combination provide a low cost nutritious beverage which can be utilized in institutional feed-

ing programmes of developing countries like India.

Manufacturing aspects such as types of initial ingredients, pro-

cessing, fortification, flavouring, drying and reconstitution have been reviewed in this article.

Introduction

Beverages, both alcoholic and nonalcoholic, con-
stitute one of the largest group of food products. Non-
alcoholic beverages include carbonated, noncarbonated,
fruit-based and milk-based drinks, and also drinks
such as coffee and tea. The use of beverages of one
kind or other naturally constitutes a part of food habit
all over the world. This has resulted in the development
of certain types of beverages. Among these the protein
enriched beverages are intended to furnish nutrient
requirements for the target population in nutrition

oriented programmes. In recent years, soybean protein,
which ranks highest among vegetable proteins has been
in use in many protein food products especially pro-
tein rich beverages. Similarly, cheese whey, a dairy
byproduct can be used as a fluid base for bever-
age preparatiens.  One important consideration in
combining whey with soybean is that soy protein
is known to have a balanced amino acid profilel,
although, methionine, a sulphur amino acid, is the
limiting amino acid in it2, while whey protein, is rich
in sulphur amino acids34. A combination of the
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two proteins could, therefore, yield a mixture of ex-
ceptional nutritional value59.

A ‘milk like” whey-soy beverage was produced by
Sasaki and Tsugol0 as early as in 1953 in Japan. How-
ever, the whey-soy combination came to light only in
the late sixties. Holsinger and co-workersll, have briefly
reviewed literature on protein rich whey-soy beverages.
Subsequently, the growing interest in whey-soy drinks
and/or whey-soy ‘milk extenders’ developed in the recent
past warrants an in-depth treatment of this subject.
In the present paper, an attempt has been made to high-
light the developments that have taker, place in the area
of beverage production from whey-soybean protein
mixtures.

Type of whey and whey products

Sweet cheese whey has generally been used for the
preparation of whey-soy beverages presumably owin
to its sweet (non-acid) flavour.  Holsinger et al]g
observed that replacement of sweet cheese whey with
cottage cheese whey in their beverage formula based
on full fat soy flourl3, adversely affected the flavour
of the product. The beverage prepared by Tsugol4
was based on neutralized acid whey. Cottage cheese
whey has also been used along with soybean for the
preparation of a drink having the taste of egg nogs.
Cottage cheese whey can preferably be utilized in citrus
type beverages as has been demonstrated by Guy et al.16
These beverages contained 2.7 per cent protein and 16.5
per cent total solids.

The lactose content of whey-soy drinks may sometimes
make these less suitable for lactose intolerant personsir.
Lactose can be substantially reduced either thro-
ugh hydrolysis or by its removal from the system.
Holsinger and Roberts18 used whey obtained from
lactose hydrolysed milk.  The resulting whey-soy
beverage had a flavour comparable to the one prepared
from normal cheese whey. An improvement in the
flavour of whey-soy beverage was reported by Holsinger
et al19 when whey was subjected to /3-galactosidase
pretreatment. Patil and Gupta29 used lactose reduced
condensed whey in their formulation of a high protein
(4 per cent) beverage. The lactose level in the above
preparation was decreased by partially removing
crystallized lactose from condensed Cheddar cheese
whey.

Form of soybean material

The soybean material has predominantly been used
in the form of whole beans, or fat free flour or flakes
for whey-soy beverage production. While defatted soy
products offer an advantage of utilization of the by-
product of the soybean oil industry, full fat soybean
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material has often been used on account of its fat con-
tent and for improvement of flavour.

The conventional soy milk of the Orient is essentially
a heat treated water extract of soaked soybeans.
Sasaki and Tsugol9 used hot whey to extract soybean
in order to produce a beverage. Mixing soy-milk
with whey before processing, is another way of pre-
paring a whey-soy beverage. A product resembling
evaporated milk was made by combining soy milk with
whey, followed by condensing the mixtureld.  The
procedure described by Badui2l also involved mixing
soy milk with whey. Recently, Hodel et al22 patented
a process for preparing a very fine aqueous dispersion
of soybean which could be mixed with whey to produce
a cow milk substitute.

Sometimes soybeans are boiled or blanched before
grinding in whey as is the case with the process for
production of a whole milk simulate23. The process for
the manufacture of the whey-soy beverage developed at
this Institute29 involved mixing of dehulled bicarbonate
blanched soybeans24 with condensed whey before
homogenizing the mix in two stages at 208 kg/cm?2
(3000 psi) and at 35 kg/em2 (500 psi). Nevertheless, the
advantage of boiling cracked, dehulled and soaked soy-
beansin whey before grinding as indicated by Peng25 is di-
fficult to comprehend, since such a treatment might lead
to lipoxygenase-induced off-flavour besides destroying
certain heat labile vitamins contained in whey.

Certain procedures have heen based on full fat soy-
flour. The research carried out at the Eastern Utilization
Research and Development Division, Washington, DC
and at the Eastern Regional Research Centre, Philadel-
phia, U.S.A., is significant in this regard. Guy et al.%
prepared nutritious beverage (protein efficiency ratio,
PER, 2.42) by stirring full fat soy flour (containing 20
per cent fat, 42 per cent protein) into whey to obtain a
total solids content of 10 per cent.  The mix was pasteu-
rized, homogenized and condensed prior to drying. The
above workers16 have also used full fat soy flour for
preparation of citrus fruit beverage. Holsinger et aln.
obtained a protein-rich whey-soy drink by pasteurizing
and homogenizing a mixture of full fat soy flour, sweet
cheese whey, soybean oil and corn syrup solids. A similar
beverage formulation from Foremost Foods Company?7,
U.S.A., consisted of 41 per cent sweet whey solids, 37
per cent full fat soy flour, 12 per cent soybean oil and 9
per cent corn syrup solids. A beverage intended for the
Agency for International Development Programmes also
contained 36.5 per cent full fat soy flour28.

Both the oil and protein constituents of soybean have
been used in a concentrated form as has been reported
by Patil29. The protein-lipid concentrate obtained by
acid precipitation of soy milk, gave a whey-soy beverage
of acceptable flavour and lower viscosity compared
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to a product in which the untreated soy milk was
used.

Defatted meal, flour and flakes have also found their
places, in combination with whey, in whey-soy beverages.
Arndt30 described the use of 11-25 per cent aqueous
slurry of neutralized fat-free soybean meal/flakes along
with 89-75 per cent sweet cheese whey. The above blend
was adjusted to pH 6.6-7.0 and a whitening agent (not
specified in the report) was added to it before drying
for the production of simulated dry skim milk. The
use of defatted soy flour for preparation of beverage has
also been reported by Badui2l. The colour of the result-
ing product may favour the use of fat-free soy flour as
has been observed by Holsinger3l who comparée several
commercial samples of whey-soy drink mixes.

Isolated soybean protein may be used to minimize
the unwanted flavours often associated with other forms
of soy protein material. By virtue of its excellent functio-
nal characteristics32, the soy protein isolate is expected
to improve the physical properties such as viscosity,
emulsification, suspension stability, reconstitutability,
etc. of the beverage. Nonetheless, comparatively high
costs seem to forbid the application of the protein isolate
in beverage production. The method for the manufac-
ture of simulated milk described in another patent3
consisted ofheating and vapour flash treating the mixture
of soy protein isolate and sweet whey followed by addi-
tion of vegetable oil and readjustment of pH and
homogenization of the mix which can be dried subse-
quently.

Heat processing

During the processing of soybeans, adequate heat
treatment is an essential prerequisite to ensure destruc-
tion anti-nutritional factors such as trypsin inhibitors34.
Heat treatment also inactivates lipoxygenase, an enzyme
which has been implicated in the development of ‘beany’
flavour in soybean products3s. In the context of manu-
facture of soy-whey beverages, the soybean material,
unlike whey, requires a somewhat severe heat treatment
and is usually processed separately before mixing it with
whey. Thus, the final mix needs only a minimum pasteu-
rization treatment. Nevertheless, unheated soy ingredi-
ents have often been mixed with whey, and this mixture
is finally heat treated as in the procedure suggested by
Peng25 wherein the mixture of untreated soybean and
whey was boiled. In the process patented by British
Arkady Co. Ltd36, the mixture of soy ingredients and
whey was healed at 1 kg/cm2 for 10 min. Arndt33
heated the whey-soy protein mixture to 141 to 150"C
before subjecting it to a vapour-flash treatment. Such
intense heat treatment is likely to cause substantial losses
in |vitamins in whey and may also decrease its protein
value.
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Fortification of heverage mixes

Enrichment of whey-soy simulates of whole milk
with oil or fat37 becomes necessary, since soybean pro-
ducts, particularly defatted flour, flakes and meal are
low in oil content. Soybean oil is the major oil used in
‘engineered milks” of soybean and whey origin1327.38.
Holsinger et al.33 substituted soybean oil with an oil
fraction of edible beef tallow in a whey-soy beverage mix
containing 19.2 per cent oil, and no significant change in
flavour was noticed. The addition of oil would not
only raise the calorie content of the drink but also
enhance its protein quality. Guy et al.26 noted that
the PER of a whey-soy flour-corn oil blend was 2.64
as against a PER of 242 for the whey-soy flour
mixture.

Despite the presence of appreciable amounts of B-
complex vitamins in whey, the overall vitamin content
is inadequate in the whey-soy blends. Thus, the beverage
requires to be suitably fortified with vitamins.  Fortifi-
cation of the whey-soy beverage with proper amounts
of certain minerals would also be desirable to upgrade
the nutritional quality of the product which is
expected to match that of milk. Hence, vitamin-
mineral premixes are frequently incorporated in
whey-soy beverage formulations,13.2°.27 not with-
standing a slight increase in cost of production. The
vitamin-mineral premix is generally dry blended with
the powdered product so as to keep their losses to a
minimum which otherwise are considerable (sometimes
ofthe order of 80 per cent) during processing as has been
observed by Holsinger and co-workers19.

Apparently, the whey-soy protein mixtures have
good amino acid balanced0 since the whey protein
plays a notable complimentary role. However, fortifi-
cation of the mixture with methionine has been found to
further enhance the protein quality8. Enrichment of the
beverage developed by Patil and Gupta9 with 0.75 and
1.13 per cent (of total protein) DL-methionine raised the
PER from 2.3 to 2.8 and 3.1 respectively. It may
be pointed out that addition of methionine had
an adverse effect on the flavour of the product
when it was subjected to heat treatmentdl. However,
mixing methionine with the powdered beverage can be
successfully employed, since the use of such  ready-to-
reconstitute product involves only addition of cold water
to obtain a cold drink.

Additives

Certain additives are often employed to improve the
physical and/or sensory characteristics of beverage.
Guy et al.16 showed that citrus beverage could be
substantially improved by addition of certain stabilizers.
Sodium citrate, reported to ameliorate the dispersibility
of a whey-soy blend42, has been shown to be a valuable
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additive. The whey-soy beverage powder developed by
Patil and Gupta20 contained 0.25 per cent sodium citrate.
While whey-soy protein in the mixture itselfwould impart
considerable turbidity to the drink, whitening agents may
be incorporated to improve the appearance of the pro-
duct as has been reported by Arndt3r.

Com syrup solids (CSS) is another additive that has
been used in the preparation of whey-soy drinks13%7.
Holsinger et a/.43 observed no impairment of the flavour
of the beverage when 42 DE CSS was replaced by 28
DE CSS or 10 DE hydrolyzed cereal solids. The nutri-
tional quality of the beverage also remained almost
unaffected, the PER and nitrogen digestibility being 2.35
and 83.5 per cent for the 28 DE product, and 2.38 and
83.3 per cent for the 42 DE product, respectively.

Flavour of whey-soy beverages

The flavour of a whey-soy drink is the most important
among all the sensory characteristics which decide its
acceptability. The type of the soybean and the method
of processing are of utmost significance for the flavour
of the resulting product. While it is not within the
purview of this paper to go into the details of soy milk
flavour, it would be pertinent to include processing
aspects of whey-soy beverage which have a definite
bearing on its flavour.

The heat treatment during processing of whey-soy
beverages has been discussed earlier. Depending on the
nature of the initial soybean material, a minimum heat
treatment is necessary to prevent off-flavour development
or to eliminate objectionable flavours present in the
whey-soy mix. Vacuum treatment of the mix is another
notable point in the processing of the soy based beverages.
Concentration of the liquid mix under vacuum not only
facilitates subsequent drying, but also substantially
improves its flavour. Therefore, a number of proceses
for making whey-soy beverages have been reported
which include vacuum condensing of the mix1314*16%26%4.
The vacuum treatment has often been combined with
heat treatment.  Arndt30"337 termed the patented
vacuum-heat treatment a ‘physico-thermo-vapour’ flash
treatment that was capable of removing objectionable
flavours from the product. Holsinger e?a/.18 found that
a ‘vacuum flash” deodorizer procedure was as effective
as vacuum evaporation in reducing the ‘beany’ flavour
in the whey-soy mix.

It is needless to point out here that in places other than
those wherein the consumers are traditionally accustom-
ed to the soybean taste, the soy products must be suitably
flavoured to make them more palatable.  Synthetic
flavourings are thus very valuable in enhancing the accep-
tability of whey-scy drinks. Guy and co-workers2o
reported that while the consumers expressed a slight
dislike for whey-soy mixtures,’incorporation of flavours
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like cherry-vanilla and chocolate greatly improved their
acceptability.  Strawberry flavour was preferred more
than either pineapple or vanilla flavour in a sugared
whey-soy beverage developed by Patil29. The sugared,
citrated and flavoured whey-soy beverage formulated
by Guy etal.16 scored 6.0-6.5 on a 9-point hedonic scale.
It is thus clear that whey-soy drinks, when suitably
flavoured are quite appealing to the consumers. This
point has also been amply proved by studies conducted
on whey-soy beverage acceptability to mothers and
children in several developing countries3s.

Drying and reconstitution

Many beverages have been converted into a con-
centrate or powder form in order to provide convenience
in their handling and use, and whey-soy beverages are
no exception2586. Enhanced storage stability of dried
beverages add to the value of drying12-2645.

Spray drying is usually prefered to other methods of
converting whey-soy beverages into powder13.20%23,26%446.
This can easily be ascribed to the well established advan-
tages of the spray dried product with respect to
its functional properties and sensory characteristics over
the roller dried product. The lactose content and
sometimes the sugar content in these beverages have
necessitated the use of a relatively low drying tempera-
ture. Holsinger etal.2spray dried a mixture of soy flour
and cottage cheese whey at an inlet air temperature of

Higher drying temperatures are reported to have
a deleterious effect on the colour of the product3l
However, as high a temperature as 190°C has been used
by Patil29 who dry mixed sugar with the powdered pro-
duct. Since the whey-soy beverage usually contains an
appreciable amount of oil that is susceptible to autoxi-
dation, a milder heat treatment during drying .would
be more desirable for better keeping quality of the finish-
ed product.

Other methods such as foam spray drying and vacuum
shelf drying have also been adopted though only to a
limited extent. Guy et al.16 vacuum shelf dried
citrus beverage, while foam spray drying procedure
was successfully employed by Holsin?er etal.13 Another
beverage formulation of Guy et al.26 was converted
into powder by mixing the cold mix concentrate with
nitrogen, spreading it in thin films on trays followed by
drying under vacuum in a shelf dryer. They suggested
that concentrated blends of whey and soy flour can
easily be spray dried or foam dried under vacuum.
However, the foam spray drying technique must be used
for such products wherein the solids content is above
45 per cent. According to Holsinger et al,19 when
lactose is hydrolyzed, foam spray drying with nitrogen
injection is necessary.

Different methods of drying may result in a product
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with varying physico-chemical properties which may,
in turn, affect its reconstitutabihty and storage stability.
AIthough not much information is available on this
subject, the work of Guy et al.26 deserves brief mention.
These workers found that the vacuum shelf dried pro-
duct has substantially higher amounts of free fat (13.8
to 18.5 per cent of the total fat) than the spray process
product (0.9 to 1.3 per cent). With the foam spray dried
whey-soy drink, the bulk density increased (from 0.24
to 0.33 g/ml) on decreasing the amount of air injection.

The structure of the beverage powder particles largely
determined by the method and conditions of drying,
is the prime factor influencing the reconstitutability of the
beverage. A recent study using light and scanning elec-
tron microscopy showed the presence of slightly collaps-
ed spherical particles with a smooth surface ar.d some
aggregates in a spray dried whey-soy beverage47. Reduc-
tion in the inlet air temperature coupled with increased
total solids in the feed caused an increase in the number
of the aggregates, many of which were coated with fat
droplets. The hydrophobic surface was stated to inhibit
the dispersal of these aggregates during rehydration,
thereby enhancing phase separation after reconstitution.

Since the whey-soy beverages are, in essence, blends
of whey solids and soy solids :n one form or another,
practical considerations may favour mixing the two
ingredients in a dry form.  Guy et a/.44 reported that
the dried whey-soy flour mixture reconstituted more
easily and had a greater physical stability than a dry
blend of whey powder and soy flour. Holsinger et al.19
found that the solubility index of spray dried whey-soy
drink mix increased when reconstituted medium heat,
sweet whey solids replaced fresh, fluid sweet whey in the
mix before drying.

The nutritional significance of the reconstitution
technique was demonstrated by Dellamonica and co-
workers48 who investigated losses in vitamins A and C
on hot water reconstitution of a whey-soy beverage. A
loss of 50 per cent of the vitamins was noticed after
mixing the powder in boiling water for one minute,
while 5 min of boiling resulted in 65 per cent loss of the
vitamins. These workers have recommended reconsti-
tution by blending the dried product in boiling water
for 30 sec followed by cooling at ambient temperature
$0 as to minimize vitamin losses in the product.

Conclusion

The whey-soybean combination seems to hold good
promise towards utilizing these valued food materials in
the manufacture of nutritious beverages. Such beverages
have been found to be highly acceptable as flavoured
drinks. However, as milk analogues, whey-soy beverages
need to undergo substantial improvement particularly
in respect of their flavour. Cheddar cheese whey or
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sweet cheese whey has generally been preferred to acid
whey. Limited attempts have been made in the direction
of using lactose-reduced whey obtained through enzyme
hydrolysis or removal of crystallized lactose. The
enzyme treatment of whey deserves greater consideration
in view of the fact that it offers an added advantage in
increasing sweetness and thereby enhancing the taste
appeal of the product.

Soybean is processed as whole beans or converted
into a flour or protein isolate for its incorporation into
whey. The method of soybean processing in the first
instance and the treatment of the whey-soy blend later,
largely determine the flavour of the finished product.
In spite of the ‘improved’ or ‘acceptable’ flavour attri-
buted to certain beverage formulations, the problem of
‘cereal-like’ flavour inherent even in properly piocessed
soybeans continues to be a challenge for the food
technologists. Undoubtedly, synthetic flavourings have
been used with commendable success in raising the
flavour quality of whey-soy beverages.

Frequently, whey-soy formulations have been fortified
with fat, vitamins and minreals in order to make the
nourishing drinks more wholesome. While methionine
fortification is not so desirable owing to the off-flavour
resulting from heat treatment of the fortified mixture,
incorporation of this amino acid into the dried beverage
can be of distinct value when the reconstituted drink
is intended to be consumed in cold condition. Additives
like sodium citrate and corn syrup solids have been
employed to enhance the reconstitution or sensory
characteristics of the whey-soy beverages. Spray dried
beverage powders appear to have a great potential for
use in certain international food programmes.
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Physical Properties of Foods:  Edited by Ronald Towitt,
Felix Escher, Bengt Hallstrom, Hans F. Th. Meffert,
Walter E. L. Spiess and Gilbert Vos, Applied Science
Publishers Ltd, London and New York, 1983; pp.
425; £46.00.

Tnis book is the proceedings of a seminar held under
the auspices of COST 90 (European Cooperation in
Scientific and Technical Research) to mark the con-
clusions of the COST 90 project on the physical proper-
ties of foods at the Catholic University of Leuven,
Belgium.  Knowledge of physical properties of food
such as water activity, rheological and thermal pro-
perties is essential for process development and control.
The book comprises four parts and deals with import-
ant physical properties of food, development and
standardisation of simple methods of measurement and
correlation of quality of food in relation to physical pro-
perties.

Part one of the book containing seven papers discusses
at length the water activity of foods, practical appli-
cations of sorption data, wa:er sorption of hiological
materials, GAB model of constructing sorption
isotherms, and also survey on existing sorption data
results of the COST 90 project on water activity and
finally the future needs in water sorption in foodstuffs.

Part two containing seven papers deals with food
rheology, its relevance to food processing, use of rheolo-
gical data on structure analysis and their application in
food engineering; guide lines to measurement of rheolo-
gical properties of food stuffs and use of emiting data.
One paper deals with relationship of these properties
on the type of flow and its implication on food rheology.
Comments of COST 90 project on rheological proper-
ties of liquid foods are also included.

Part three contains five papers on history, aims,
results and future of thermc-physical properties work
within COST 90. Calculation, measurement of thermo-
physical properties of foods and their critical evaluation
are outlined. Information and prediction of physical
properties of nonfood materials are also touched upon.

Part four containing three papers details some obser-
vations on COST 90 and presents general conclusions
and recommendations of the project. Wnile evaluating
the above properties, need for assessing parameters such
as accuracy, precision, repeatability and reproduceability
of results, methodology and reference standards, relating
of experimental method to practical situations and parti-
cular versus general useability of data are highlighted.

One important feature of the book is the inclusion
of active discussion of each paper after presentation. It
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also gives in the beginning a list of contributors to the
COST 90 project and at the end gives list of participants
of the seminar. The editors have attempted to bring
out concise informations anc opinion of scientific
workers on three important physical properties of food
and their relation to food processing, preservation and
packaging. Proceedings of the seminar is aimed to pro-
vide useful first hand information on the subject. The
topics covered are broad enough to draw the attention
of the specialists in the field of food science and techno-
logy whose chief concern is food processing and pre-
servation.

N. Balasubrahmaniam

S
CFTRI, M ysore

Yeast Genetics—Fundamental and Applied Aspects:
Edited by J.F.T. Spencer, D. M. Spencer and A. R. W.
Smith, Springer-Verlag Postfacn, Heidel-berger Platz
3, D-1000, Berlin 33, 1983; pp 533; US § 57.50.

There has Deen remarkable growth in the field of
molecular biology during the past few decades. Ad-
vances made in the field have helped us to understand
the molecular mechanisms used by nature for replicating,
distributing and modifying biological information.
Great deal of information has been gathered about the
chemical and physical nature of macromolecules, nucleic
acids and proteins and the manner in which carbohy-
drates, lipids and smaller molecules work together to
provide the molecular setting of living systems. Springer-
Verlag is bringing out a series of monographs on mole-
cular biology and this book deals with fundamental and
applied aspect of yeast genetics. The hook contains 15
chapters grouped into four sections. This volume opens
with a series preface followed by preface to this particular
book which gives an overall review of the contents which
is quite extensive, highly informative and critical.

The first chapter by Carter and others deals with the
control of cell proliferation. Genes involved in cell
division, products of genes involved, organisation of
cell cycle events, conditions necessary to start the cell
cycle such as nutrients and size, role of hormones in
mating, development of alternatives to mitosis are
discussed. N

Sexual cycle in Saccharomyces cerevisiae, in the normal
as well as in adverse conditions, are reported in the
second chapter. While outlining the sporulation in S.
cerevisiae, the author discusses the life cycle of hetero-
thallic yeast, morphology and physiological and bio-
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chemical changes.  Special genetic techniques, gene
function and expression during sporulation and factors
responsible for mitosis and meiosis are also presented in
this chapter.

The phenomenon describing the genetic behaviour of
yeast, the fundamental nature of the recombination and
genetic alterations are presented in the third chapter
by Fogel and his associates. Value of recombination as
a tool for strain improvement in yeasts has been detailed,
covering all aspects of the technology. The topic of
meiotic gene conversion deals with  (a) mechanistic
overview of the phenomenon (h) examination of a speci-
fic recombination model (c) properties and attributes of
meiotic gene conversion based on genetic studies in fungi
and (d) analysis of the newer knowledge obtained from
the recombinant DNA structures. Mitotic recombination
and yeast cytology does not get attention in the article.

The next chapter concerns the radiation sensitivity
in yeast and repair of genetic damage by UV and X-ray
irradiation. Game gives the otulines of earlier studies on
radiation hiology of Saccharomyces cerevisiag, major
classes of radiation-sensitive mutants that have been
isolated and discuss their contribution in understanding
the genetics of repair in yeast. This chapter also des-
cribes the recent work on the genes that control repair
of ionizing radiation damage which are also required
for normal meiosis, as well as meitotic and mitotic
recombination in yeast. Role of X-ray sensitive
mutants in current research in these areas have also been
projected.

Strain improvement through breeding is one of the
methods of providing better microbial strains for fer-
mentation industry. Till recently morphological criteria
and physiological tests were being used in the classifi-
cation and identification of yeast. It was based on the
ability of the isolate to ferment sugars and utilize certain
nitrogenous compounds. Now sophisticated immuno-
logical test and determination of the composition of the
DNA and ultimate criterion of the structure of DNA
itself are made use of in the yeast taxonomy. In the
fifth chapter, Kurtzman etal. review the work carried out
in the past 15 years wherein the possibility of whole
genome comparisons through DNA reassociation which
is now being used to define species. The chapter gives
details on nucleic acid isolation and purification, DN A
basic composition, DNA relatedness and concludes with
an emphasis on molecular taxonomy as an aid to genetic
research.

Sixth chapter is devoted to a review on the genetic
approaches to the study of protease function and pro-
teolysis in Saccharomyces cerevisiae. Dr. Jones discusses
the role of proteinase, peptides, and inhibitors in the
functioning of the cell and stresses the importance of the
recent findings.
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Flocculation is one of the most important desirable
character of yeasts, whether in brewing, enology or
industrial alcohol fermentation. The term is used to
denote aggregation of dispersed yeast cells to floes
eventhough there are other forms of aggregation namely,
‘clumpy growth’ and ‘chain formation’. Eventhough
‘flocculation” is a cell surface phenomenon, it is also
reported to be genetically controlled. It is a property
associated with structure of the cell wall and most likely
with cell wall proteins. In the seventh chapter of the
book, Johnson and Reader present the methodology
for the measurement of flocculation, origin of strains,
phenotypic variation, cell wall differences, stability of
flocculence and industrial applications.

The nature and function of plasma membrane is
one of the important factors in studying the physiology
and matabolism of the organism. The membrane con-
tains proteins, lipids and carbohydrates, of which the
the lipids have received much attention. Rank and
Robertson review the role of protein and lipids in
material and energy transport and the genetic control
of their function, in the eighth chapter. The authors
report the procedures employed in the isolation of plasma
membrane, cytological purity of membrane preparations
and describe the wide range of genetic and physiological
manipulations possible to study the structural and func-
tional relationship of the membrane.

Somatic hybridization technique has been adopted
for strain improvement in fungi and yeasts. Most of the
industrial strains of Saccharomyces cerevisiae used in
brewing, baking and alcoholic fermentation multiply
principally by budding only; sexual activity is seldom
observed. Attempts have been made to stimulate them
to behave like laboratory strains. The use of protoplast
as tools of genetic recommendation in yeasts had proved
fruitful. Flgbrids have been obtained between S. cere-
visiae and Saccharomycopsis lipolytica. Spencer et al.
have also produced both intergeneric and interspecific
somatic hybrids. The ninth chapter by Freeman and
Peperdy describe the technology of protoplast isolation,
fusion and reversion and the consequences of proto-
plast fusion.

The tenth chapter by Wilkie is devoted to genetic
and functional aspects of mitochondria. Wilkie briefly
describes the mitochondrial genome recombination,
replication and transmission together with some aspects
of biogenesis and function of the organalle.  He
emphasises that yeast cell makes a useful model of the
eukoryotic cells to study the problems relating to the
activity of antimitochondrial drugs because they have
some important functions in cellular piocesses apart
from providing ATP.

Evens presents an exhaustive and highly informative
review on molecular genetics of yeast mitochondria in
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chapter eleven. Clear evidence for DNA in mitochondria
was first established in 1962 and since then intense
research activity is being carried out on mitochondrial
DNA (mt DNA). Mitochondrial DNA of different
organisms vary in form, size and base composition even
though there are some broad similarities in major phy-
logenetic group. Size and conformation of mt DNA
of protozoa, myxomycetes, fungi-both yeast and
filamentous, metazoa, algae and some plants are given
in a tabular form. The topics discussed in this chapter
are: DNA sequencing of mt DNA, yeast mitochondrial
genome, variations in the size of different mt genomes
of different yeast strains, base composition of yeast mt
DNA, mapping yeast mt DNA, genetic mapping,
genes onyeastmt DNA, genes of ribosomal RNA, tRNA
genes and the mitochondiial genetic code, simple pro-
tein-coding mitochondrial genes, complex protein-
coding mitochondrial genes, unassgined reading, frames
and introns, mitochondrial transcription, mitochondrial
protein synthesis, the petite mutation and mt DNA
replication and the evolutionary aspects have also been
presented in detail.

The twelfth chapter is devoted to Sc V ‘Killer’ virus
in yeast. Ceitain strains of Saccharomyces cerevisiae
(and also of other genera) secrete a proteinaceous toxin,
the killer toxin, which is lethal to other strains of the
same species. Toxin producing strains are termed Kkillers
and the susceptible strains are termed sensitives. Killer
strains possess two species of ds RNA, the L and M
genomes which are separately encapsulated in identical
protein coats as the Sc V-L and ScV-M viruses, and
hence can be refered to as virus-like particles. These
two paiticles possess all the attributes of a segmented
virus except infectivity.  Mitchall and Beavan have
dealt in detail various characteristics of these particles
like electron microscopy, physical properties and also
the molecular studies of the genomes. Details of the
Killer toxin are also presented.

Genetic analysis and breeding of brewer’s yeast is the
title of the chapter thirteen. Techniques used in the gene-
tic improvement of brewing yeast strains are discussed
in an expert manner. The next chapter is devoted to the
improvement of wine yeasts. After tracing the origin
of wine yeast, Snow describes the life cycle and ploidy
and various methods followed in yeast improvement.
Desirable characteristics of the wine yeast and the ways
of incoiporating it in the newly developed strain are
also discussed.

Since several thousands of years, species of the genus
Saccharomyces have heen utilized to produce ethanol
both tor potable and industrial purposes. Yeasts are
the oldest cultivated plants and conveit sugars, in sub-
stances such as grape and other fruit juices, malted
grain extracts, milk etc., into alcohol efficiently and
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rapidly. The main deficiency of these alcohol producing
yeasts is their inability to ferment pentose sugars and
polysaccharides. However, a few yeasts capable of utili-
zing pentoses, dextrin, starch and cellulose have been
identified. Attempts are being made to develop new
strains of yeasts which can produce alcohol from the
unconventional substrates. The review will be of great
help to those research workers engaged in this task.

In recent times, yeasts are assuming greater importance
in genetic engineering and molecular biology over E.
coll as the former have established their safety as non
pathogenic. This book will serve as a useful reference
book to all those who aie concerned with modern
biotechnology.

K. R. Sreekantiah
C.F.T.R.l.,, Mysore

Nutritional Standards: by Lewis J. Minor, AV, Publish-
ing Company Inc., Westport, Connecticut, 1983,
pp. 281, $ 20.75.

Tnis book is aimed at helping to explain the basic
factors that influence the wholesomeness, nutritive
value, flavour, colour, textute, appearance, and preser-
vation of food products. Just as important, it also pro-
vides guidelines used to set quality standards for insti-
tutional and commercial dietary services. It emphasises
that the study of food science and nutrition is critical
to oui ability to provide healthy diets to future genera-
tions. Food has been defined as a complex subject and
its proper focus embraces the physical, chemical, bio-
logical and social sciences. It has made a concerted
attempt to identify quality parameters, according to
which quality food-services should opeiate.  Although
sources of standards may vary they emanate from pro-
fessional, consumer, governmental and other concerns
and further they all have several things in common,
namely,

(1) Food service standards identify goals and re-
present performance indicators that can and
should be utilized to structure and evaluate
operational performance.

(2) Food service standards provide a foundation of
information that students of hospitality must
acquire in order to improve our food industry.

(3) Exemplary standards of excellence must be known
50 as to be utilised.

This book has 9 chapters dealing with introduction
to the study of food, products standards, food addi-
tives standards, a primer on monosodium glutamate,
food flavour standards, standards in nutrition, new
food product development standards, laboratory
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guide for food flavour evaluation-both theory and
practice.

The first main chapter emphasises the basic know-
ledge of food, the culinary arts and the sciences
of preserving foods important to food service mana-
gers. Acceptance of food is determined by such
factors as age, socio economic background, travel
experiences, family size and make up including acti-
vity patterns which are, of course, different for each
individual.

The 2nd chapter on food products standards em-
phasises that these are essential in the marketing of foods
and relate to quantity, weight, quality and value of the
food product. It deals with standards of egg products,
processed eggs, poultry, meat, milk and milk products,
fruit and vegetable products, cereal products including
spices and tea in depth.

The food additives standards are dealt in chapter 3
where food analysis, consumer protection, sources
and limitsfoi food additives, including additive control
by legislation with bibliography have been high-
lighted.

The 4th chapter deals with monosodium glutamate
indicating its history, its role as a food flavour
enhancer, including use levels as well as safety
aspects.

Food flavour standards including laboratory code
for flavour evaluation-both theory and practice-have
been highlighted in chapters 5, 8 and 9. These deal
mainly with the importance of flavours and odours;
studies including odour determination and taste evalua-
ation, especially with regard to temperature and blend-
ing effects.

Chapters 6 and 7 highlight the food seivice
nutrition standards. Various nutrients used for forti-
fication as well as emulsifying agents, need of caibo-
hydrates, proteins, lipids, fat soluble vitamins, water
soluble vitamins, minerals, their digestion, absorp-
tion and nutrient utilisation including nutritional
labelling.

New food product development standards with re-
gard to the steps involved in the development of new
products have been reviewed in chapter 7.

The food service industry is vast and complex and
the scope of its activities and job-related knowledge
required to operate within it, is very broad.

This book will be a useful guide for professionals,
consumers, nutritional experts, government agencies and
manufacturers who strive to achieve high quality food
service standards by developing and marketing on
modem lines the food manufacture/food service
system.

L 0.p._K
0 CETRT, M ooome
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Developments in Food Preservation:—2. Edited by
Stuart Thorne, Applied Science Publishers, London,
1983; pp. 184; £ 24.00.

Developments in Food Preservation-2 comprises six
chapters covering a wide range of aspects of preservation
of fresh and processed foods. The first chapter which
deals with controlled atmosphere (CA) storage of fruits
and vegetables discusses briefly the benefits and limita-
tions; recommended atmospheres for various horti-
cultural crops; and the potential in the transportation
of certain fruits and vegetables. Construction and opera-
tional aspects of CA stores are dealt in a little more
detail. Although the usefulness of CA in conjunction
with intermediate temperatures has been found to be
beneficial for the storage of chilling sensitive cultivars,
the commercial application is mostly limited to apples
and to a lesser extent to pears and cabbages. Since CA
storage is effective mostly in conjunction with refrige-
ration, economics is often the limiting factor in the wider
application of this method.

Chapter 2 on food irradiation discusses briefly the
intensive research and developmental work undertaken
in several countries during the last three decades and
provides an insight into the factors that have hindered
the practical adoption of this new preservation method
despite its many proven applications. Since safety of
irradiated food has been the majoi concern for its
acceptance by the industry and the consumer, the author
has devoted more attention to the massive scientific
data generated on toxicological, nutritional, chemical
and microbiological aspects of irradiated foods, which
finally led to the FAO/WHO ITAEA Joint Expert Com-
mittee in 1980 to conclude that irradiation of any food,
upto a dose of 10 kGy, presents no toxicological hazard.
Commercial food irradiation facilities currently in
operation in some countries and the outlook for future
application of this new technology are discussed briefly.

The physical background to heat and mass transport
in solid food stuffs of homogenous, heterogeneous and
porous materials and the relevant thermal processes,
essential information for the design of any processing
operation, are described in chapter 3.  Convective
heating by means of air is analysed in detail and
equations are given for the transfer of heat and mass in
different zones of the product during drying operation.

Until recently, in spray drying of food stuffs, meeting
powder quality requirements was considered more
important than fuel consumption. With the changed
situation, however, much developmental activity is
currently taking place into ways of reducing energy
costs through improved waste heat Utilization and energy
saving options. These aspects as well as the practical
aspects and basic principles: of spray drying food stuffs
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are desciibed in chapter 4. Developments in product
quality improvement and operation of spray driers to
meet environmental standards are briefly discussed.

Chapter 5 deals with the use of computers in food pro-
cessing operations. The different digital systems in
use are described in very general terms and their possible
applications in various food processing operations are
briefly outlined. The reader may not And much infor-
mation on the basic principles but may get an idea as to
how computers can be put to use to improve and main-
tain standards of product quality and to reduce wastage
of material and energy.

Ethylene, a gas at physiological temperature ar\d pres-
sure, is recognized as an endogenous plant hormone
controlling various physiological processes of plants
particularly maturation and ripening of fruits. Ethylene
is also released into the atmosphere as a byproduct
of plant metabolism and its presence can cause serious
problems of commercial importance in the refrigerated
or controlled atmosphere storage of fresh fruits and
vegetables. The biosynthesis and production of ethylene
in different fruits and vegetables, its role in the ripening
of fruits, storage disorders, and recent developments
in the methodology for the removal of ethylene from the
storage atmospheres are discussed in the last chapter.

This book though provides an overview of the deve-
lopments taking place in the above mentioned areas of
food preservation, lacks an indepth coverage of the
topics.

Paul Thomas
Bhabha Atomic Research Centre, Bombay-400085

Tomato Production, Processing and Quality Evaluation:
Wilbur A. Gould, 2nd Edn. AVI Publishing Co. Inc.,
Westport Connecticut, 1983; pp. 445; $ 57.50.

The book comprises three parts, (a) production (b)
processing and (c) technology. Further each part is
subdivided into several chapters.

Tne first part on production is made up of seven
chapters. The first chapter covers introduction and
history of tomato industry, which traces the origin of
tomatoes, importance of tomatoes among the vegetables
and the history of tomato processing industry in USA
starting from 1847 to date. In the second chapter, field
selection, climatic conditions, application of fertilisers,
cultivars, disease control, irrigation etc. have been
discussed. Genetics and breeding of processing toma-
toes forms the subject matter in the third chapter. Fourth
chapter explains characteristics required, problems en-
countered and costs involved in mechanical harvesting
of tomatoes. The fifth chapter touches upon various
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containers used for transportation of harvested tomatoes
from the field to the processing plant. Recent develop-
ment of using water tanks for transporting is of particular
interest.  Four basic systems of grading followed in
USA along with instruments used for evaluating the
same subjectively and objectively are described in
chapter 6. The seventh chapter elaborates the various
unit operations involved in preparation of tomatoes for
processing.

The second part on processing comprises five chapters
from 8-12 dealing with the processing aspects of toma-
toes. Importance of propel filling to get drained weights
required under the USA grades A, B and C, firming
agents, process time and temperature, necessity of acidifi-
cation have been discussed in the 8th chapter. In
chapter 9, under tomato juice manufacture in addition
to preparatory methods and equipments involved, four
in-can processing and two bulk processing methods
have been described with emphasis on thermal inacti-
vation of flat sour spoilage organisms. Chapter on
tomato pulp and paste manufacture describes the
definitions under the Food, Drug and Cosmetic Act
for the above along with various concentration systems
used. Bulk storage methods of aspetic, freezing and
acidified storage are of special interest here; Defintion
of tomato catsup, method of manufacture, ingredients
and quality, forms the subject matter of chapter 11
In chapter 12, formulas and methods of preparation for
tomato soup, cream of mushroom soup and vegetable
beef soup have been described.

The third part on technology is the largest part
in the book comprising ten chapters from 13-22, covering
comprehensively quality control and evaluation methods.
The chapter 13 deals with quality definition, standards,
methods of determining and purposes and bases of
quality assurance programme.  Standards and pro-
cedures for determining the fill of a container for pro-
cessed tomato products are described in chapter 14.
Factors contributing to tomato colour, colour perception
and various systems and instruments used in colour
measurement forms the subject matter of chapter 15.
Methods and instruments used for measuring viscosity
have been desciibed in chapter 16. Procedures of deter-
mining acidity and pH and the various methods available
for evaluation of flavour in tomato products have been
described in chapters 17 and 18. Drosophila life cycle,
habits, its detrimental effects on tomatoes and its pro-
ducts, its detection and control have been described in
chapter 19. Chapter 20 deals with methods of mould
counting, genera of moulds in tomato products and
their characteristics, causes of flat sour spoilage in
tomato juice, its characteristics and prevention along
with nature of spoilage encountered in canned tomatoes
and catsups are described in chapter 21. Composition
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of tomatoes and its products along with factors affecting
the retention of nutrients have been described in the
last chapter.

The book also contains three appendices, A, B and
C. Appendix A gives U.S. standards for identity and
grades, fill of a container, factors of quality, definitions,
inspection and score sheets.  Appendix B describes
“Food and Drug Administration part 53—Tomato
products”. Appendix C gives quality control and evalua-
ation forms.

The book gives an excellent, exhaustive and upto date
basic information (supported by illustrations, charts
and excellent photographs of the equipments used) on
the main factors involved in production, processing and
quality control and evaluation of tomato and tomato
products. One lacuna which can be pointed out is that
information on and developments in the manufacture
of tomato juice powder has not been covered in the book.
Also it would have been more appropriate if the part
1-7 is shifted to part Il and part 111-22 to pait I. The
book seems to have been written specially to cater to
the needs of manufacturers of tomato products in USA.
However, it would be extremely useful as a good refer-
ence book to food scientists, fruit technology students
and technologists working in the food industries as
well as experts dealing with quality assurance pro-
gramme in the country.

G. Radhakrishnaiah Setty

FTRI, Mysore

Drying Technology, Vol. 1, No. 1, 1983-84: Published
by Marcel Dekker Inc., New York, subscription/
annum: Institutions $ 95.00; Individuals $ 47.50.

This is a new journal in the field of dehydration.
It is proposed to publish original research papers,
review articles pertaining to drying technology cover-
ing agriculture, food products, minerals and waste
consolidation.

For the year 1983-84 two volumes are being brought
out, volume one having two independent numbers and
volume two with four numbersi.e. six numbers for the year
1983-84. Vol. 1, No. 1 contains five research papers
of fundamental and applied nature covering (a) drying
granular porous media; () droplet-gas interaction in
counter-current spray dryers; (c) water removal from
mine slimes and sludge using direct current (applied
res. paper); (d) drying of small wood particles; and (&)
temperature distributions and heat transfer during the
drying of lumber.
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This new Journal also proposes to publish review of
books..

B. S. Ramachandra

C.FTR., Mysore

Toxicology Data Profile on Saccharin: by R. R.
Khan and Gomathy lyer, The Lucknow Publishing
House, Lucknow, India, 1983; pp. 56; Price not
mentioned.

At the time when there was a dilemma to ban the use
of saccharin, the release of this publication has not only
led to the complete understanding of the toxicological
data on this non-nutritive sweetener, but also cleared
several doubts that existed till now on its use. The book
is a compact compilation of all the data such as chemi-
stry, properties, manufacturing processes and manu-
facturers, metabolism, toxicology, carcinogenicity, muta-
gencity, embryotoxicity, teratogenicity, immunotoxi-
cology, epidemiology and legal status available on
saccharin. Recommendations of Amiican and European
committees on the safety of saccharin, references and
classified bibliography from 1927 to 1982 are also in-
cluded at the end. It is an useful guide to all food
toxicologists and biochemists in general as well as
nutritionists in particular.

Saccharin is extensively used in the manufacture of
syrups, medicines, soft drinks and foods. It is rapidly
metabolized and excreted mostly in urine and a little in
faeces in most of the mammalian species. It has been
found to be weakly carcinogenic in urinary bladder of
male at high levels. The intake of saccharin by woman
in the child bearing years and children should be actively
discouraged unless they have a medical condition for
which saccharin has a definite health benefit.

Among three habits in USA, cigarette smoking, coffee
drinking and the use of saccharin, the artificial sweetener
appears to contribute the lowest risk for the development
of bladder cancer. The benefits of saccharin to diabetic
patients are certainly more than without taking it. It is
used in the control of obesity, dental caries and hyperki-
nesis.  The epidemiological data provide no clear
evidence that saccharin alone or in combination with
cyclamates causes urinary bladder cancer. It is stated
that banning saccharin may, therefore, cause great
harm to many citizens while protecting a theoretical
few.

S. C. Basappa

CFTRl, Mysore



ASSOCIATION NEWS

Palayamkottai Chapter President: Sri N. Jayaprakasam
The Annual General Body Meeting of the above Vice-President:  Prof. S. Narasimhan
Chapter was held on 27th July 1984. It was decided Treasurer: Prof. S. Somasundaram
to continue the following office bearers for 1984-85 also. Secretary: Sri. V. Theetnarappan

IGFOST »85

ASSOCIATION OF FOOD SCIENTISTS
AND TECHNOLOGISTS (INDIA)

Theme: FOOD INDUSTRY OUTLOOK— Emerging Scenario in Developing and Developed World.
Venue:  Vigyan Bhavan, New Delhi, April 3-5, 1985.

__ The Fifth Indian Convention of Food Scientists and Technologists— ICFOST'85 will be held in
April 3-5, 1985. in New Delhi. It will be the biggest convention of food processors, scientists, techno-
logists, project managers, R & D and QC personnél, government offic als and representatives of national
and international developmental agencies. Key speakers include representatives from developed and
developing countries as well as international organisations. Technical sessions will include key-note/
lead paper presentation as well as contributed papers in diverse areas of food processing. Current R & D
work in different areas of food science and technolog¥ will be represented in poster sessions. An ex-
hibition of catalogues highlighting the wide range of food ingredients, products, Process equipment
and matchlnery, packaging systems, analytical instruments, books and journals will also be a part of the
convention.

I you are a food scientist, technologist, processor, su&)plier of raw materials and ingredients,
egmgmens and machlner)é including [g)ackagm? systems and materials, you cannot afford to miss
ICFOST'85. Plan now to e in New Delhi for TCFOST'85.

ICFOST'85 s being co-seonsored by the Ministry of Food and Civil Sup&lies, Ministry of Industry,
A(\;over,n{nent of India, Central Food Technological ReSearch Institute, and All India Food Preservers
ssociation.

\Write for full particulars to; Mr. Laljeet Sin%h, President, AFST( Il, Modern Food Industries (India)
Ltd, Palika Bhavan, 3rd Floor, R K Puram, Sector XIII, New Delhi-110 066, India
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INSTRUCTIONS TO AUTHORS

Manuscripts of papers (in triplicate) should be typewritten in double space on one side of bond
paper. The manuscripts should be complete and in final form, since only minor corrections are
allowed at the proof stage. The paper submitted should not have been published or data com-
municated for publication anywhere else. Review papers are also accepted.

Short communications in the nature of Research Notes should clearly indicate the scope of the
investigation and the salient features of the results.

Names of chemical compounds and not their formulae should be used in the text. Superscripts

and subscripts should be legibly and carefully placed. Foot notes especially for text should be
avoided as far as possible.

Abstract:  The abstract should indicate the principal findings of the paper. It should be about
200 words. It should be in such a form that abstracting periodicals can readily use it.

Tables: Tables as well as graphs, both representing the same set of data, should be avoided.
Tables and figures should be numbered consecutively in Arabic numerals and should have brief
titles. They should be typed on separate paper. Nil results should be indicated and distinguished
clearly from absence of data, which is indicated by ‘—’sign. Tables should not have more
than nine columns.

llustrations: Graphs and other line drawings should be drawn in Indian ink on tracing paper or
white drawing paper preferably art paper. The lettering should be in double the size of printed
letters. For satisfactory reproduction, graphs and line drawings should be at least twice the
printed size 16cms (ox axis) X 20cms (oy axis); photographs must be on glossy paper and must
have good contrast; three copies should be sent.

Abbreviations of the titles of all scientific periodicals should strictly conform to those cited in
the World List of Scientific Periodicals, Butterworths Scientific Publication, London, 1962.

References: Names of all the authors along with title of the paper should be cited completely in
each reference. Abbreviations such as et al., ibid, idem, should be avoided.

The list of references should be included at the end of the article in serial order and the respec-
tive serial number should be indicated in the text as superscript.

Citation of references in the list should be in the following manner:

(@) Research Paper: Jadhav, S.S. and Kulkarni, P. R., Presser amines in foods, J. Fd Sci.
Technol., 1981, 18, 156.

(b) Book: Venkataraman, K., The Chemistry of Synthetic Dyes, Academic Press, Inc., New
York, 1952, Vol. II, 966.

(c) References to article ina book:  Joshi, S. V., in the Chemistry of Synthetic Dyes, by
Venkataraman, K., Academic Press, Inc., New York, 1952, Vol. I, 966.

(d) Proceedings, Conferences and Symposia Papers: Nambudiri, E. S. and Lewis, Y. S., Cocoa
in confectionery, Proceedings ofthe Symposium on the Status andProspects ofthe Confectionery
Industry in India, Mysore, May 1979, 27.

(€) Thesis: Sathyanarayan, Y., Phytosociological Studies on the Calcicolous Plants of Bombay,
1953, Ph.D. Thesis, Bombay University.

(f) Unpublished Work: Rao, G., unpublished, Central Food Technological Research Institute
Mysore, India.9

Consult the latest copy of the Journal for guidance.
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Research Papers
COMUCAR@VE STUDIES ON THE PACKAGING OF MILK IN GLASS BOTTLES AND POLYETHYLENE

hy P.S. Kadam cmdJ. L. Bhanumurtki

HEAT PENEIRATION STUDIES IN PALM WINE PRESERVATION by p. E. Okechukm, C. M. Odili and
J. C. Okaka

STUDIES ON FLOUR PARTICLE SIZE AND ENDOSPERM TEXTURE IN SORGHUM by b. s. Murthy, H. D. Patil

and L. R. House

STLLDQ’EB ON THE MILLING, RHEOLOGICAL AND BAKING CHARACTERISTICS OF TRITICALE AND WHEAT
b H.P.S. Nagi, R. Pal Singh, K. L. Sehgaland K. S. Sekhon

OGN SR CURSTION T B)E LY, VEDN D L TS

Saxena

DRYING OF TOMATOES by R. G. Gupta and Nirankar Nath
LA T TS VLKA FEARATON O 01 O AT
FIE%NYCI;IﬁRﬁCTERISTICS CF KHOA AT DIFFERENT STAGES OF PROCESSING by 1.k Sawhney, Bikram Kumar

RHEdOLOGICAL CHAI'R’ACTERISTICS OF SPREADABLE BUTTEER FROM BUFFALO CREAM by satish Kulkarni
and M. K. Rama Murt

LIPID AND FATTY AC|D COMPOSITION OF FISH AND SHELL FISH by P. G. Viswanathan Nair and K. Gopakumar
EFFECT OF PHOSPHORUS ON FATTY ACIDS OF TEA LEAVES AND ON THE QUALITY OF TEAS by K. L. Bajaj,

M. N. Devchoudhury and P.S. Sukhija.

%Tb%ﬂaﬁjm%%ﬁ\ﬂl | I})/II:—CFI-/I\ODS FhOR TKHE I\éIIﬁSUdREI\/IIDEléIT OF THE PROGRESS OF OXIDATIVE
. Ammughan, K. K. ohatan L PLoen.
E%EBBI%I\IW% ITTENT FRYINGy ON THEgPHYSICO-CHEMICAL CONSTANTS OF GHEE AND REFINED

by T. Rai and K. M. Narayanan

EFIKFD%I\?&E%?@SIHCATION OF TRITICALE WITH PULSES ON THE PREPARATION OF SOME COMMON

by M. P. Vaidehi, Neena Joshiand S. Meena Kumari

Research Notes

P IVE PERFORMANCE OF PACKING APPLES IN TRAYS AND CONVENTIONAL PACK DURING
by S. B. Maini, Brijesh Diwan, B. B. LaiandJ. C. Anand

“%%EP&%&%%%W&EMaH.MBHBeJ Bl gy a0

ENERGY REQUIREMENTS DURING PROCESSING AND COOKING OF RICE by H. v. Narasimha, R. Shankara,

T K. Anantkachar and H. S. R. Desikachar

BAE O%FBWWI?IKOGICAL QUALITY OF DRIED WHOLE MILK IN RELATION TO THE INITIAL

N.S. Reddy, V.Jaswanta Rao and D. Venkayya

STORAGE BEHAVIOUR AND DRYING CHARACTERISTICS OF COMMERCIAL CULTIVARS OF ONION by

S. B. Maini, Bruesh D|wan andJ. C. Anand

STUDIES ON 2 AND NUTRITIONAL ASPECTS OF TOMATO by Theymoli Balasubramanian

CW?E& B\& H%WXQID g%ﬁ@_%é TION AND ORGANOLEPTIC QUALITY OF CITRUS PEEL CANDY

by UrmilMehta and Satinder Bajaj
K B ESDURINGSTORRES) S S i it e . sy a0, koo N
PREPARATION OF LOWFAT HIGH-PROTEIN SESAME SEED by M. R. Surendranath, N. C. Gangi Reddy,

G. Azeemoddin, D. Atchyuta Pamayya and S. D. Thirumala Rao

EH UB LETHAL CONCENTRATION O ON THE DEVELOPMENT OF
£%%r|\%r CORCYRA CEPHALONICA |NJ|:-)Bb¢%.lLGL.UHSemTal-Ilal#hRal,Na(rij/E\’.\lﬁll.SRaghunathan
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