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PRODUCTION OF PLANT PROTEINASE FROM JACK FRUIT
(ARTOCARPUS INTEGRIFOLIS) AND ITS INFLUENCE
ON RHEOLOGICAL AND SENSORY CHARACTERISTICS
OF LOW FAT YOGURT
8]

El-Tanboly', E.
ABSTRACT

Adding a proteolytic enzyme extraction from Jack fruit (4rtocarpus integrifolis)
in combination of fermentation process in yogurts manufacture was tried to improve
yogurt flavour and rheological properties. Experimental yogurts milk contained
control, 3.9 (T1), 7.8 (T2)and 11.7 (T3) units/ml milk from crude extracts of plant.
proteinase. The pH of the product treated with plant proteinase was lower than the
control. However, The rate of acidity development during storage slightly increased
with increasing the addition of plant proteinase level and progress of storage period
of yogurt. The proteolytic activity of all yogurts gradually increased untii the end
of storage period (15 days). Yogurts made from milk treated with plant proteinase
preparations were less firm compared with control at all storage periods, where
T3 showed more less firm after 15 days of storage being 20.17 g/100g. Generaily,
increasing units of plant profeinase prcparations decreased the firmness. On the
other hand, vogurt made from milk pretreated with plant proteinase had higher
syneresis, and apparent viscosity than the untreated product. The greatest viscosity
was found in T2 and T3 of 433 and 479 mPa.s respectively, compared with control
of 299 mPas at 15 days storage. The results indicated that there is an inverse
relationship between the amount of units of plant proteinase preparations and
susceplibility of yogurt to syneresis. The T2 gained the highest scores (83 points)
followed by the control (81.53 poinis) after 15 days of storage, while yogurt of
T3 showed a low scoring being 75. From the foregoing results, it is recommend to
use Jack fruit (drrocarpus integrifolis) as a source of plant proteinases and utilize
it to develop a high quality yogurt at alevel of 7.8 units of plant proteinases /
ml milk.
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INTRODUCTION

Proteolytic cnzymes have been found
in both dicotyledonous and monocotyle-
donous plants. Represcotative of the
former arc the fig (Ficus carica), papaya
(Carica papaya L.), milkweed (Asclepias
speciosa), and euphorbian (Euphorbia
lathuris); of the latter, the pincapple (4n-
anas comosus L), Cardosin B (Cynara
cardunculus) (Goodenough and Owen,
1987, Maksimenko et al  1990; Zi-
macheve ef af 1994; Silva and Malcata,
1999} and cereals. It appears that there
are two major groups of these protein-
ascs, one rcquiring free SH groups for
activity, having their optimum pH at ~
7.0 and strong milk-clotting activity; the
other group lack active SH groups, have a
more alkaline optimum pH, and an infe-
rior milk-clotting power. Both groups of
plant proteinases are unusually heat re-
sistant, often maintaining their activity at
temperature of 60 to 70°C. Proteinases
produced by psychrotrophic bacteria can
withstand pasteurization (72°C for 15 s),
and treatment at ultrahigh temperatures
(138°C for 2 s), with important implica-
tions on the quality of milk and heat-
treated dairy products (Cousin, 1982).
Ismail et al (1999) has found in Jack fruit
{drtocarpus integrifolisi which planted
recently scveral important enzymes for
dairy field such as proteinase, -
galactosidase. Also, proteinase can be
produced from the seeds of this fruit asa
source of an enzyme suitable for use with
some dairy products (Al-Tanbely, 2003).
Certain of the plant proteinases havea
number of food technological and medi-
cal usages. Plant proteinases are interest-
ing because they are natural products
which can be easily extracted by aqueous
infusion, no legal barriers and low cost. A

part from flavour, quality of yoghurt and
other fermented milks is largely depend-
ent on its texture (Lankes ef al 1998 and
Savello & Dargan 1995, 1997) . Texture
is defined as a group of physical proper-
ties of food influenced by its structural
clements and perceived by human senses.
Ultrafiltration of milk for yoghurt pro-
duction is one of several valuable tech-
niques used to increase milk dry matter
content, necessary to obtain compact
coagulum and appropriate viscosity of
yoghurt (Domagala and Kupiec, 2603).
Of special intercst, protein hydrolysates
by protinase are mainly used for medical
purposes, as medical diets for human
breast cancer cells and colon cancer
(Parodi 1998). To achieve desirable fla-
vor as well as texture properties in yo-
ghurt, it was tried to produce it from milk
enriched by adding suitable proteolyic
enzyme besides the action ol yogurt
starter bacteria. The aim of this study
was to determine the influence of a novel
plant proteinase from Jack fruit (4rtocar-
pus integrifolis) on fermentation activity,
proteolysis and rheoclogical properties of

yogurt.

MATERIAL AND METHODS
Jak fruit (Artacarpus integrifolis)

Jak fruit was obtained from the Hor-
ticulture Institute, Agric. Res. Centre,
Ministry of Agriculture, Cairo, Egypt.

Extraction of enzyme

For maximum extraction of enzyme it
was prepared according to the method
described by (Al-Tanboly, 2003).
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Yogurt culture

Combined yogurt culture, Streptococ-
cus salivarius  subsp. thermophilus
(EMCC 1225) and Lactobacillus del-
bruckii subsp. bulgaricus (EMCC 1322)
were obtained from the Egyptian Micro-
bial Culture Collection of Cairo MIRCEN
(EMCC), Faculty of Agriculture, Ain-
Shams University, Egypt.

Yogurt cuiture preparation

The culture was prepared by inocu-

lated at 4% into sterile 11.5% reconsti-
tuted non-fat dry milk. It was subcultured
at least twice for 8 hrsat 42 °C for uni-
form coagulation, then stored overnight at
4 +1°C, at which time the yogurttobe
prepared.

Yogurt preparation

Low fat yogurt making steps were
mainly carnied out according 10 Tamime
and Robinson (1985). Yogurt mix con-
sisted of 11.5% reconstituted non-fat dry
milk with 2% added culture and incuba-
. tion temperature at 42°Cfor 3 hrs. Before
addition of culture, levels of crude ex-
tracts of plant proteinase of 3.9 (T1), 7.8
(T2) and 11.7 (T3) units of plant protei-
nase /mi milk., or no enzyme (control)
were added. The resulting yogurt was
kept in the refrigerator at 4 +1°C when
their pH was between 4.8-4.9 and was
analyzed at 1, 3, 7 and 15 days. All
treatments were carried out in three repli-
cates.

Chemical analysis

In Yogurt samples, pH was measured
by pH - meter 646 with glass electrodes,
Ingold, Knick, Germany. Titratable
acidity (°SH) was done with Soxhlet

Henkel method as described by Scotte
(1981). The proteolytic activity (PA) was
measured according to (Otani et af 1991)
using tyrosine as standard assuggested
by (Greenberg, 1957).

Rheological properties analysis
The curd tension (firmness)

Curd tension of yogurt was estimated
as described by Chandrasekhare ef al
(1957). The apparatus used consists of
knives of constant weight (5g) H-shaped
with needle in the middie ending with a
hook, and a threed crossing a freely ro-
tating wheel attached to the knife at one
end, and a pan (5g) atother. The knife
was placed in a 100 ml cup yoghurt
mixture inoculated with the yoghurt
starter and incubated at 42 +1 °C until set.
The curd tension was measured as weight
in grams to 1emove the knife from the
yoghurt.

Susceptibility to syneresis

Syneresis (whey separation) was de-
termined by using the drainage whey
(ml/100 ml) yogurt as described by Has-
san et al (1999). The amount of free
whey collected after 30 min at room
temperature (23 +1°C) was taken as the
index of susceptibility to syneresis.

Viscosity
Viscosity was measurement using

Hoepler viscometer at 20°C according to
Zbikowska and Zbikowski, (1996).

Sensory evaluation

The yogurt were evaluated organo-
leptically by a team of experienced yo-
gurt graders from staff members of
N.R.C. The yogurt were calculaied from
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three  characteristics  gave 3 maximum
totlal of GO points. The appearance was
awarded a maximum of 10 points, con-
sistency was awarded a maximum of 30
points and flavor 60 poinis.

RESULTS AND DISCUSSION

Titratable acidity and pH of yogurt
during storage

Figurcs 1 and 2 shows the changes in
pH and titratable acidity of yogurt during
storage. One day after manufacture, the
mecan pH of the yogurts ranged from 4.7
to 465 with no diffcrences effect of
treatments. Yogurt pH dropped to a range
of 3.7-3.81 afier 15 days of storage of
yogurt with different proteinase treat-
ments. When data from ail sampling
periods was combined for eacit treatment,
the mean pH of the product treated with
plant proteinase was lower than the con-
trol. The greater proteolysis that occurred
in this product may have stimulated acid
production during storage. However, The
acidity range was 1.11-1.26% after 15
days of storage of the proteinase yogurt
treatments. This result similar to that

" observed by Cousin (1982) and Farrag
(2002),

Proteolysis of yegurt during storage
Data for Proteolytic activity measured
-45 liberated tyrosine/ml/min of the reac-
tiori“mixture show continuation of prote-
olysis” of different proteinase yogurt
treatments during storage (Fig. 3). The
proteolytic activity of all yogurt treat-
‘ments slightly increased until the end of
Cife” storage period (15 days).  Several
. proteplytic  activity values of yogurt
treatments were higher as compared to
“those- of the control. Yogurt treatinent

{T3) continued to cxhibit a higher ratc of
proteolysis formation than other treat-
ments (T1 and T2). This result is in
agrecment with at of El-Tanboly et al
(2001) who rcported that voghurt fortified
with incrcasing level of fortification to
15% protein hydrolysates from different
sources (ricc bran, soybcan, sesame)
showed greater positive cffect on protee-
lytic activity than control.
Rheological propertics  analysis  of
yogurt during storage

The curd tension (firmness)

The curd tension (firmness) of plant
proteinase yogurl treatments is shown in
Figure (4). Yopgurts .made from milk
treated” with plant proteinase preparations
were less firm compared with control at
all storage perieds. While T3 showed
20.17 g it became more tess firm after 15
days of storage. Generally, increasing
unjts of plant proteinase preparations de-
creased the finnness. These results in
agreement with those reported by Gas-
sem and Frank (1991) and Domagata
and Kupiec (2003). LI

Susccptibility to syneresis

Syneresis (whey separation) in yogurt
is an important parameter, on which the
quality of yogurt is evaluatetl. The results
in Fig. 5 reveat that there is.an inverse
relationship between the amount of units
of plant proteinase preparations and sus-
ceptibility of yogurt to syneresis. The
greatest syneresis was found mm T3 at 1
and 3 days of storage being of 34.90 and
33.50 ml/I00ml respectively. compared
with control being 235.10 and 24.80
ml/100ml in the same order. The lowest
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Table 1. Effect of different plant proteinase levels on scores of yogurt during storage

Storage .

R Teamn Mo Pl Coacy o
Control 10 57 28 95.0
T1* 10 57 28 95.0

: T2** i0 58 28 96.0
T3*** 10 54 28 92.0
Control 9.0 33 27 21.0
T1 9.0 52 27 83.0

’ T2 9.5 37 275 94.0
T3 9.0 50 26 -85.0
Controt 85 51 26 855
T1 85 49 26 33.5

! T2 8.0 55‘ 275 90.5
T3 8.0 47 25 80.0
Control 8.5 48 25 81.5
Tl 8.0 46 24 780

15
T2 85 51 235 85.0
T3 80 435 2 75.0

Control: yogurt no enzyme; <1*: yogurt added with plant proteinas: extracts (3.9 units / ml),

T2**  yogurt

with plant proteinase extracts {11.7 units / ml).

Annals Agric. Sci., 49(1), 2004
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syneresis was found in T2 and T3 after 7
and 15 days storage of (20.00, 20.25) and
(23.10, 20.0) mi/100 ml respectively,
These finding agrec with that report by
Chawala and Balachandran, 1993

Viscosity

Figure 6 shows the effect of added
plant proteinase on the viscosity (mPa.s)
after 1, 3, 7 and 15 days of yogurt stor-
age. Yogurts made from milk treated with
plant proteinase preparations had greater
viscosity than the control. The viscosity
values were 279, 347, 417 and 453 mPa.s
at the first day samples which increased
after 13 day storage to 299, 380, 433 and
479 mPas for control, T1, T2 and T3
respectively.  Moreover, the greatest vis-
cosity was found in T2 and T3 of 433 and
479 mPas respectively, compared with
control of 299 mPa.s at 13 days storage.
The development of acidity may be con-
tribute to this increase (Farrag, 2002).
These results are similar to those reported
by Gassem and Frank, (1991) and
Domagata and Kupiec, (2003).

Sensory evaluation

Table (1) shows the organoleptic
evaluation of plant proteinase yogurt
treatmen:s during 15 days storage periods.
Yogurt weatments showed no marked
difference in appearance. Consistency
scorcs for all treatments decreased during
storages up to 15 days. With regard to
favour. it was gradually decreased in all
yogurt creatments.  The T2 pained the
highest score at the end of storage period
{13 davs) being 85 point followed by the
contro! $1.5 point. On the other hand T3
showed the lowest score point being 73.
These results had the same trend as El-
Tanboly et af (2001).

Conclusion

From the foregoing results, it could be
recommended to use using Jack fruit
(Artocarpus integrifolisy as a source of
plant proteinases in order to improve yo-
gurt quality at a level of 7.8 units of plant
proteinases /ml milk.

REFERENCES

Al-Tanboly, Al (2003). Production of
plant  proteinase from jack fruit (4rto-
carpus integrifolis) as a sourcs of dairy
enzyme. [, isolation, partial purification
and some properties. Pakistan J. of Bio-
logical Sci., 6(16): 1435-1441.
Chandrasekhare, M.R.; Swaminathan;
D.S. Bhatia and V. Subramanyam
(1957). Effcct of different treatments on
curd tension, Fd. Sci 6: 226-231.
Chawala, AK. and R Balachandran
(1993). Studies on yoghurt from buffalo
milk, Effect of different levels of fat on
chemical, rheological and sensory char-
acteristics. Indian J. Dairy Sa., 46 (5):
220-222. '
Cousin, M.A. (1982). Presencg and ac-
tivity of psychrotrophic microarganisms
in milk and dairy products. J. Food Prot.
45: 172-207.

Domagala, J. and B.E. Kupiec (2003).
Changes in texture of yoghurt from ultra-
filtrated goat’s milk as influenced by dif-
ferent  memebrane types.  Electronic
Journal of Polish Agricultural Univer-
sities, Food Science and Technology,
Volume 6, Issue 1: 19-25.

El-Tanboly, E.; M.A. Ibrahim and
Fakhrya S. Taha (2601). Forusication of
yoghurt  with cnzymatically modified
oilseed proteins. Milchwiss., 36(5): 265-
268.

Annals Agric Sci., 49(1), 2004



Plant protcinasc from Jack fruit ‘ 121

Farrag, A.F. (2002). Influence of par-
ticulated whey protein concentrate on the
theological and sensory properties of low
fat yoghurt. J. Agric. Sci. Mansoura
Univ., Egypt. 27(1); 379-393.

Gassem, MLA. and J.F. Frank (1991).
Physical properties of yogurt made from
milk treated with proteolytic enzymes. J.
of Dairy Sci., 74: 1503 - 1511.
Goodenough, PW. and J. Owen
(1987). Chromatographic and  electro-
phoretic analyses of papaya proteinase.
Phytochemistry 26(1): 74-79.
Greenberg, D.M. (1957). Plant pro-
teolytic enzymes. Methods in Enzymol-
ogy. 2: 54-64. Academic Press INC. New
York.

Hassan, AM.; A. Helmy and ALK
Enab (1999). Utilization of some local
polysaccharide in manufacturing of yo-
ghurt. Egyptian J. Dairy Sci., 27: 281-
289,

Ismail, A.A.; E. El-Tanboly and N.S.
Abd Rabou (1999). Production of
several enzymes from Jack fruit (Arfo-
carpus inregrg‘b!is) as asource of Dairy
enzyme. 6" Egyptian Congress of Dairy
Science Technology, p. 73, Cairo, Egypt.
Lankes H.; H.B. Ozer and RK.
Robinson (1998). The ¢ifect of elevated
milk solids and incubation temperature on
the physical properties of natural yoghurt,
Milchwiss., 53 (9): 510- 513.
Maksimenko, A.V.; L.A. Nadirashvili;
A.D. Romashchenk; G.S5. Erko-
maishvili, and V.P. Torchilin (1990).
Stabilization of Papaya proteinase com-
plex by chemical modification and com-
parative study of mnative and modified

preparations. Biotekhnologiya, 2: 57- 60,
Otani, H.; M. Iwagaki and A. Hosono
(1991). The screening of trees having
milk clotting activity. Anim. Sci. Tech-
nol. (Jpn.) 62: 417-423,

Parodi, P.W. (1998). A role for milk
proteins in cancer prevention. Aust. J.
Dairy Technol. §3: 37- 45.

Savello P.A. and R.A. Dargan (1995).
Improved yoghurt physical properties
using ultrafiltration and very-high tem-
perature heating. Milchwiss., 50(2): 86-
90.

Savcllo P.A. and R.A Dargan (1997).
Reduced yoghurt syncresis using ultrafil-
tration and very-high temperature heat-
ing. Milchwiss., 52 (10): 573-577.
Scotte, R, (1981). Cheesemaking Prac-
tice. pp. 60-76. Applied Science Publish-
ers LTD, London.

Silva, S.S. and F.X. Malcata (1999). On
the activity and specificity of cardosin B.
a plant proteinase, on bovine caseins.
Food Chemistry. 67: 373-378.

Tamime, AY. and RK. Robinson
(1985). Yogurt: Science and Technol-
ogy. 1" Ed. pp. 14-25, Pergamon Press,
New York.

Zimacheve, A.V.; E.V, Lyevleva; P.H.
Huan; V.H. Nhan and V.V. Mosolov,
(1994). A proteinase from the proliferous
top of the pineapple fruit (Ananas como-
sus L) Prikl Biokhim. Mikrobiol.
30(2): 25-22.

Zbikowska A. and Z.  Zbikowski
(1996). Wilasciwosci funkcjonalne kon-
centratu UF [Functional properties of UF
concentrate]. Przem. Spoz., 50(4): 32 -
34,

Annals Agric. Sci., 49(1), 2004



122 El-Tanboly

Yook o VVY - 3.4 (Ve e R3p 0 3 mN ¢ e (o dmalor ¢ el AT Rel i o el oy Wt
e Al it pilag g d dlath Gl ga AL Sl i gl
GRal paddie &) e gl Aawall y gl g )l Sliall

[A]

' A gkl ala¥) adt
$ D ~ (A — Sigall il 5650 — G pudd -

1a Aoy il y (S5l 3k Jasay s il
Cysea il o puandt aSath e N
> ast0 I Y Ge il m Pla
a3 O Bda Aally il 45 Hli.
(sl

By Y 4l pitill gy
sl On pH - o8 6 g2
A e (Tl 55 il sl Jaledd
pa—a Y=V O3S 8 5 A g ey
st 033l Ga Ly V0 e (Sl
LagUS FyVe dl FyAY GepH Y
Gt Jalealt LLUJ‘_'_s_,_.;Jl pH 3 :L.;:iol
el ey Jp 58U pH Zaf G S
Bl a0y A eall dpuadlly 5 AW
:\__I:HJJSSJL_U' Sia cails Q'QJ)..:]i Jilas
)y ol ey 34T 5 5 ety Adgia
VY V) AN Albad) @ yedil y Jaladd
<2 o e do Vf e il 32a
O Jedl Walds el (oaall Jaisia
6 AT Ll e

S A )l liaall Gyl
=3 al 3k Jaee of SN Coaa

P panid a5 A e
St e galiSnddl (Sl i
a—ay Jo o 800 Al oy "y i Sllall
>TSS PO I SR FRL I YO
ddje & o an oAl Gaidie & s sl
R I PN I 1Y P HOS W PO
FERPURT - FOVY IR S DA IRk A TR TN
mand 3 Gua Gl ciladie dolia i
Ua—iiia ) g gall o el 330
.ﬁj}’lu‘a}i.'uaaé.oohﬁ
C i Eal gy g Y
Va3 5aay ¥4 ) oW ALladl Y

(oadl) midia ) geasll Of (e da
Vf a3l Baay VA ) LD dladdi -Y

(orall padiie &) gexll Gl 0a e
igap il saay VY, Y ) AN Albed - £

aidie G ygeanl Gl Oe da N/

Aoad

el QAL adl (o ay oy gl
) s gl (Aol S 5 W Al
it bl o A, Al aisis
Ll 8 g8 (e dun gl g gl Ciiiall A

Annals Agric, Sci., 49(1), 2004



Plant proteinase from Jack fruit 123

el I bl gl cuals
it 50 g 5l s il Jubadll &) e 5l
B A ey Js sl & .
A Al il 3y 138 L jadl
Gl o d e Sal Gla e el e
23N Jal ye J3a 5 A Ul

gl Sy 4l ey G Las
Alle sasm 5 paall Gaddie Oy sea
Adlaly ualy G gle sl Cliall
O Oa d—e VA 3 320y V 5A)
s e (Ol misie O ) s 5l
Gt e aldd b Slall g g
RGIPRTRt ENy

dagi ‘;!c-l G AEN Alledd &y gen g
O (CAJ_,&.}Jﬂ J..q\ . -/‘_L, T'Y‘__,O—Tf_,&)
J—eY o o [ Y8 A=Y 0 V) g S
e VY (355 8 YA (Q)sea
e L BT VST P
(YesYoYi) i JiY1 culs 430N,
Syse—agdat o fde (YoXY 510,
ol < pelal g .oV OV (35 5 58 aay
‘5_‘_;)” L."_I_J_%_..:_n._,ﬂn el as U‘ La.aai
Cre Adliall A ja o Aag S IS 25001
Y G A58 aey 5 SIS Oy gen s
TN Alledl S ygen s o O o psiY
O—s a3 V0 5 53 amy Aad i1 K

Cp Al

(J"J—\‘."“ ..\.AAi C):!.ﬂl du.; J.i :HSL'I
Jielawl 33l 2 5 56 ald

Annals Agric. Sci., 49(1), 2004





