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ABSTRACT KEYWORDS
This study was performed to devel op a sustainable process for preparing Solanum aethiopicum;
coagulant from Solanum aethiopi cum Shum (SAS) fruits. Fruit powder of Coagulant;
SASwas soaked at different conditions, and obtained extract was used to Rennet strength;
determineitspropertiesin light to apply itin cheese-manufacturing. Results Proteolytic action;
showed that milk-clotting enzyme was uniformly distributed in coat and Cheese-making.

seed SASfruit, and was most activefrom 6 to 8 weeks maturity regardless
Cameroon’s agro-ecological zones. SAS extract had the greatest rennet
strength with 4% NaCl used as extractant medium. The rennet strength of
SAS extract was temperature, pH, calcium and enzyme concentration
dependent. The milk-clotting enzyme of SAS extract was more
thermosensitive, and lost its activity after wet-heating at 55°C for 10 min.
The bovine casein hydrolysis by SAS extract increased hyperbolically
with incubationtime. SAS extract hydrolyzed essentially all k-casein after
about 180 min, and the duration of non-enzymatic phase of coagulation
was about 4 min. At low temperature (4°C), SAS extract can be stored
without preservative for two months; and citric acid can be used as
preservative for long term storage. The estimated yield of curd made with
SAS extract was not significantly different from acontrol curd made with
calf rennet. © 2013 Trade Sciencelnc. - INDIA

INTRODUCTION calves. Nowadays, the deficit of calf rennet has be-

come chronic (70to 80%)™. Thisshortageis accentu-

Theconventiond coagulant usedincheese-making  ated in Sub-Saharan Africa, where supply solely de-
iscdf rennet, obtained from theabomasaof unweaned  pends onimportations. Researchersworldwide have
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discovered caf rennet subgtitutesfrom animal sand mi-
croorganisms. However, the application of thesedis-
coveriesislimited in Africaby the meat market, reli-
gion, diet, biotechnol ogy and public health congtraints.
AsinRomantimes, natural coagulantsfrom plant are
largely used inthisareafor cheese production. Inthis
regard, many cheeses are made with plant coagulants
such as Calotropis procera in West Africa, seven
Papilionoideae species in Austral Africa, Cynara
scolymus in North Africa, Solanum dobiumin East
Africaand Ongokea gore and Balanites aegyptiaca
in Central Africa?”. Unfortunately, most of them have
been found inappropriate for cheese-making dueto
excessveproteolysis, whichlowersyied and produces
bitter flavorsin cheesd®. Therefore, the search for suit-
ablecdf rennet subgtitute continuesamong loca plants.
Our previoustriasidentified the fruits of Solanum
aethiopicum Shum (SAS) asapotentia source of co-
agulant useful in cheese-making®.

SAS (scarlet eggplant) isan annua and tropical
plant, bel onging to the Solanaceae family, and gender
Solanum. It isawoody herb with asolid erect stem,
black in colour, and about 150 to 180 cm high. The
leavesare alternate and pale greenin colour. Itsfruits
areround, grouped in clusters on the stem or branch;
greenin colour when unripe, whiletheripeonesare
redi’¥. However, yellow and orange areintermediate
colour. Thesefruitsareanormal ingredient in many
beverages and soups, consumed for itsnutritional and
therapeutic virtues. Thejuiceof thesefruitsisused to
separatewhey from curd destined for lactoseintol erant
patients. Theliquid extract from about ten SASTruitsis
added to oneliter of milk, and incubated at room tem-
peraturefor 30 min, and then curdiscut, drained and
giventolactoseintolerant patients, whilethewhey is
treated and givento children. To investigatethe possi-
bility of theuse of SASfruitsasasource of coagulant
suitablein cheese-making, the present work was car-
ried out to examinethe best conditions of coagulant
preparation, its coagulating and proteol ytic properties
andtheyield of resulting curds.

EXPERIMENTAL

Materialsand chemicals
Plant materid cong sted of SASfruitsharvested from
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the environs of Ngaoundere, Adamawa Region,
Cameroon; during themonth of June, 2011. They were
sorted, washed, disinfected, dried, hand crushed to
separate seeds from coat and ground. The resulted
powderswere bottled and stored at room temperature
until used. Milk fromfivefreegrazing Bosindicus(zebu
cow) herdsinthe Ngaoundere areawas collected and
mixed every test day during themonth of August, 2011.
All analytical reagentswerefrom sigmachemica Co
(St. Louis, Mo, USA); theother reagentswere of food
grade. Plate Count Agar (PCA) and Potatoes Dex-
troseAgar (PDA) werefromLiofilchem, (Roseto, Itay);
Salmonella-Shigella (SS) agar, from Laboratorios,
Conda, (Madrid, Spain); whileEosn Methylene Blue
(EMB), Man Rogosaand Sharpe (MRS) and iron sul-
phiteagar, Oxoid S. A. wereform Merck, (Darmstadit,
Germany).

Methods
Extract preparation process

Different amounts of SAS coats, seedsand whole
fruit powders(1, 5, 10, 15, and 20 g) were macerated
in 100 ml of distilled water at 4°C for 20 h. 10 g of
wholefruitspowder at different maturities(1, 2, 4, 6,
8, 10 and 12 weeks) from Cameroon’s five agro-eco-
logica zones(Sahd Savannah, GuineaSavannah, Sudan
Savannah, Rain Forest and Mangrove Forest) was mac-
erated in 100ml of distilled water under the same con-
ditions of timeand temperature. The sameamount of
wholefruits powder was macerated for 20hin 100 ml
of distilled water within thetemperatureranging from
5-45°C (10°C intervals). Then, 10 g of this powder
was macerated for 20 hoursat 4°C in 100ml of other
extractant media: 50 mM citrate (pH 4 and 5), phos-
phate (pH 6 and 7) and Tris-HCI (pH 8, 9 and 10)
buffers, sdts(NaCl; KCl and K1) ranging from 1-10%
(wWiv); 4% NaCl in50 mM citrate buffer (pH 5.0) and
4% NaCl in 100 ml 50 mM Tris-HCI buffer (pH 8.0).
For each experiment, the mixture wasfiltered through
cheese cloth and centrifuged at 7500 rpmfor 45 min at
5°C, and the supernatant (SAS extract) stored at 4°C
until andyss.

Deter mination of rennet strength

Rennet strength of SASextract wasdetermined ac-
cording to themethod described by Chazarraet al MY,
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with dight modifications. Reconstituted milk (12 g of
skimmed milk in 100 ml of 0.01 M CaCl,) wasused as
substrate. Theassay was performed by adding 0.1 ml
of SASextract to 1 ml of substrate. Thetemperature of
milk samplewas controlled using awater-bath at 35°C,
and rennet coagul ation timewas determined by manu-
ally rotating thetest tube at short timeintervals, and
checking visud gd formation. Therennet srength (RS)
was defined asthe fraction of volumes of coagulated
milk clotted per volume of rennet in 40 min at 35°C.
TheRSisthusgiven by: RS (U) =2400* V/tv, where
v equalsvolumeof SASextract (ml), V volumeof milk
(ml), andt therennet coagulationtime(s).

Coagulating propertiesof SASextract
Enzymeconcentration

Enzymatic sol utions of were prepared by diluting
SAS extract in NaCl solution (4% wi/v). Each enzy-
matic solution was added to the milk sampleat 1:10
ratio. Thestrength of SASextract wasdetermined asa
functiontheinverseof protein concentrationranged from
2.4t023.8 (mg/ml)™.

pH

ThepH of milk was adjusted at 35°C by the gradua
addition of 0.1M lactic acid/NaOH during rapid stir-
ring. Theoptimal pH of milk coagulation was deter-

mined by observing the strength of SAS extract with
pH varying between 6 and 6.8 at 0.2 increments.

Calcium Chlorideconcentration

Milk substrates supplemented with different con-
centrations of calcium were prepared using CaCl,,: 0,
0.9,1.8,2.70or 3.6 mM (at 0.9 mM intervals). The
optimal concentration of CaCl, was determined by
obsarvingthestrength of SASextract with added CaCl...

Temperature

Theoptimal temperature of SAS extract was de-
termined withinthemilk coagul ating temperaturesrang-
ingfrom 30-55°C a 5°C intervals.

Thermal stability of extract

Study of thermal stability was performed by wet
heating the SAS extract at different temperaturesrang-
ing from 35t0 55°C (at 5°C intervals). The remaining
activity was determined asfunction of incubationtime
ranging from 10to 60 min under standard assay condi-
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tionsusing reconstituted milk as substrate.
Proteolysis

The protease activity of SAS extract was deter-
mined according to the method described by Silva&
Mal catd*?, with dight modifications. It was quantified
by evaluating the peptides solublein aqueous 5% (w/v)
trichloroacetic acid (TCA). 1% Casein (w/v) was sub-
jected to hydrolysisat 30°C in 10 mM citrate buffer
(pH 6.2). The hydrolysiswasinitiated by the addition
of 120 uL of SAS extract to 3 ml of substrate solution.
At selected times: 5, 10, 30, 60, 120 and 180 min, the
reaction was quenched by heating at 100°C for 5min.
Aliquots of each sampleweretreated with 5% (w/v)
TCA a avolumetricratio of 1:2 respectively. Themix-
turewasallowed to settlefor 10 min, and then centri-
fuged at 3700 rpm for 20 min. The absorbance of the
supernatant was measured at 280 nm.

Determination of the primary and secondary
phases of coagulation

The primary and second phases of SAS extract
coagul ation were determined by McSweeney™ pro-
cedure, with dight modifications. Milk substratewas
cooledto 15°C and renneted with SAS extract at 10%,
and mixturewasmaintained at 15°C for 200 min. The
rennet coagul ationtimewas determined at 30 minin-
tervalsaccording to procedure described by Chazarra
etal. ..

Storage of SAS extract

Sterilebottlescontaining 5 mL of SASextract were
treated with 1% of preservatives. citricacid (v/v), acetic
acid (w/v) or sorbicacid (w/v); NaCl solution (4%) was
used as control and stored at 4°C and at room tem-
perature. Sampleswereremovedat 0, 1, 2and 3months
to count themicroorganisms. Sampleswereseridly di-
luted 10° times, pre-reduced in tryptonewater and in-
oculated onto arange of agarsdesignedto besdlective
for predominant bacteria: total viable count on PCA at
37°C for 48 h, yeast and moulds on PDA at 25°C for
72 h, Salmonella spp on SS agar at 37°C for 48 h,
Escherichia coli on EMB at 44°C for 48 h, Lactoba-
cilluson MRS agar at 37°Cfor 48 h, and Clostridium
spp oniron sulphiteagar at 37°C for 48 h. Thedishes
wereplacedin anaerobicjarsfor Clostridiumand Lac-
tobacilli; and the rest were incubated aerobically.
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Colony forming units (cfu) were counted intriplicates.
Theremaining activity wasa so determined with Sorage
period and preservativetrestment.

Yidd curd evaluation

Yield was determined following Mercanti et a .14
procedure, with dight modifications. Fivetridsof zebu
milk curdwerecarried out onfivedifferent days. Ineach
trial, curds were made with calf rennet and SAS ex-
tract. Prior to thisprocess, physicochemical properties
of zebu milk were determined; then it wasstandardized
to 0.2 g/l CaCl,, and the pH adjusted to 6.40+0.02
using 0.1 M lacticacid. A milk samplewas used to ad-
just enzyme concentrationto smilar coagulationtime.
20gof milk wastransferredintoinitialy caibrated cen-
trifugetubes, placed in awater bath, and thetempera-
ture adjusted to 37°C. One percent of each coagulant
was then added, coagul ation stagelasted 20 min, the
curd obtained was cut manually inan “H” form, syner-
esislasted 40 min. The samplewasthen centrifuged at
3700 rpm for 30 min at 25°C for expulsion of whey.
Curd was transferred onto a cheese cloth for further
whey drainage. Mass and dry matter content in milk
and curdweredirectly messured. Esimated yield1 (Yel)
wascdculatedfollowingtheformulaof Mercanti et d .4:

Yel (%) = 100* (curd mass/milk mass), and esti-
mated yid d2 (Ye2) was determined with the dry matter
(g/kg) of the curd, milk and whey was calcul ated fol -
lowing Formaggioni et d.*™ formula
Ye2 (%) = 100* (milk dry matter —whey dry matter) / (curd
dry matter —whey dry matter).

Satistical analysis

Statisticd andyssof thedatawascarried out using
Statgraphics Plus version 5.0 (Statpoint, Inc.,
Warrenton, VA, USA). One way ANOVA was used
for testing statistical significance between different pa-
rameters, and individua pair difference wastested by
means of Duncan’s multiple range tests at 95% level of
confidence. Resultswere presented as means+ stan-
dard deviation (SD). Curvesweredravnwith Sigmapl ot
verson 11.0 (Systat SoftwareInc).

RESULTSAND DISCUSSION

Extrinsicand intrinsic conditionsof extr action
Theextraction of milk-clotting enzymefrom plant
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isinfluenced by intrinsic (biological raw material) and
extringcfactors(initid pH, temperature of soaking, ini-
tial salt concentration). Each of thesefactors affected
rennet strength differently, which dependsonthere-
leasing and stability of milk-clotting enzyme.

Intrinsicconditions
Effect of plant material

Totest theeffect of plant dosage on the activity of
SASextract, different amounts (2, 5, 10, 15 and 20%)
seed, coat and whole fruits powders of SAS were
soaked indigtilled water at 4°C for 20 h. Figure 1i shows
that the strength of SAS extract increased with plant
materia dosageupto 10% and remained relatively con-
stant, irrespective of the part of fruit used. Thereleas-
ing of clotting enzymes gaveahyperbalic tendency with
plant materia dosage. Thiscould bedueto saturation
asaresult of osmoatic pressure’®. Therewasno signifi-
cancedifference between therennet strength of extracts
from coat, seed and wholefruits (P> 0.05). It can be
assumed that milk-clotting enzymewasuniformly dis-
tributed in coat and seed fruits. Thisobservationisin
contrast with findingsof Yousif et a.® who reported
that milk-clottingenzymeare morelocated inthe seeds
of smilar species(Solanumdobium). Thus, wholefruits
powder at 10% was used as plant material dosage
throughout for therest of thisstudy.

Effect of maturity stage

Figure 1(ii) presentsthe effect of fruit maturity on
therennet strength for each Cameroon’s agro-ecologi-
cal zone. Asfunction of these agro-ecological zones,
thestrength of SASextract increased linearly with fruit
maturity up to the sixth week and remained stationary
till theeighth week, decreased dightly and variably from
theeighth to thetenth week and remained constant until
thetwe fthweek. Therewasno significancedifference
between therennet strength of extractsfrom thefive
Cameroon’s agro-ecological zones (P> 0.05). At the
sixth week, thefruitswere unripe (green in colour),
beganto ripen (yellow and orangein colour) between
eight and ten weeks and finally becameripe (red in
colour) fromthetenth week of maturity. Thissuggests
that unripefruitsfrom 6 weeksmaturity of thisplant are
moreinteresting sourceof milk-clotting enzymethan
theripe ones, regardless Cameroon’s agro-ecological
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zones. However, many authors have usually targeted
theripefruitsassourcesof plant rennet!*”). Thisstudy

—— Whole fruit (I)
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Rennet strength (U)
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Plant material dosage (g/100ml of distilled water)

putsinto evidencethe maturity stagein the search for
coagulant from plant.

(ii)

—8— Sahel Savannah
70 —a&— Guinea Savannah
—— Sudan Savannah
—v— Rain Forest

—&— Mangrove forest

60

50 1

40 4

30 A

Rennet strength (U)

20 4

T T T T T 1
2 4 6 8 10 12

Maturity of fruit (weeks)

Figurel: Variation of therennet strength of SASextract with intrinsic extraction conditions: Plant material (i), maturity
of fruitsfor each Camer oon’s agro-ecological zone (ii)). SAS fruits powder was soaked in distillated water at 4°C for 20
hours. Rennet strength was determined by adding 100uL of crude extract to 1mL of reconstituted milk at 35°C. Each
experiment wasr epeated fivetimes, and error bar indicating standar d deviation.

Extringcconditions

Effect of soaking temperature

Extraction of milk-clottingenzymesfrom plantis
often carried out at |ow temperaturé™®. The strength of
SASextract varied with extraction temperature; it was
highest a 5°C and then decreased withincreasing tem-
perature (Figure2(i)). Thedecreasein activity with ex-
traction temperature could be explained either by au-
tolysig*¥ or by thermo-sensitivity of milk-clotting en-
zyme. Thissuggeststhat the milk-clotting enzyme of
SASextract was stableand less active at 5°C. How-
ever, theremaining activity wasupto 70% after 20 h of
macerating at 35°C. For practical reasons therefore,
extraction can be carried out at room temperature.

Effect of initial saltsconcentration

Sdtsarelargdy used in theagro-food industry be-
cause they preserve and impact flavour. For the ex-
traction of milk-clotting enzymesfrom plant; sdtsare
usedtoincreaseionic strength™. Figure 2 (ii) presents
theeffect of initial concentration of salts (NaCl, KCl
and K1) onthestrength of SASextract. Thethreesats
affected therennet strength of thisextract. Thegreatest
strength of SASextract was observed using 4% NaCl,
and milk-clotting enzymewas completely inhibited with
K1 from 8%. Aswith other proteases, thosefrom SAS

extract are al so susceptibleto both activation and inhi-
bition by chemica 2. Solution of NaCl at 4% enhanced
moreextractability, stability and activity of milk-clotting
enzymes from SASfruits. Mohamed Ahmed et d .8
reported thesimilar meritsof thissdtintheextraction
of milk-clotting enzymesfrom closely rel ated species
(Solanumdubium). In contrast, these authors found
the best activity with NaCl at high concentration
(11.7%). Various salts concentrations have been used
for the extraction of milk-clotting enzymes: 0.9%2Y,
59317, Highintake of sodiumisharmful. For thisrea
son, KCl can bereplaced NaCl in both coagulant and
cheesemanufacture. Intheother hand, lodinedeficiency
disorder (IDD) till existsin devel oping countries. For
thisreason, 3% K1 could beemployedin extract prepa-
rationsfor special gpplicationssincemorethan 60% of
activity wasremained at thisconcentration.

Effect of initial pH

Soluhility, extractability aswell astheconformation
of theactivesteof enzymeare pH dependent. pH con-
siderationisof primeimportancein the extraction of
milk-clotting enzymes from plantg:4. Figure 2(iii)
showstheeffect of initial extraction pH onthestrength
of SASextract. Extraction efficiency washigher a neu-
trd and alkaine media(50mM phosphatebuffer, pH 7,
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50mM Tris-HCI buffer, pH 8-9) thanin acidic media
(50mM citrate buffer, pH 4-6). Thebest strength was
observed when SA S extract was prepared in 50mM
Tris-HCI buffer, pH 8.0. However, thisstrength was
lower than that of SAS extract obtained in 4% NaCl.
To maximizetheextraction process, extraction factors

70 + .
|
[
—~ 60
2
L
()]
=
g
w 50
°©
c
==
@
o
40 4
30 T T T T
10 20 30 40
Temperature of soaking (°C)
140 - —e— NacCl i1
—O0— KCl
—— Kl
120
— 100
2
=
2 80 A
o
@
% 60
£ L
Q
€ a0
20 4
1} v v v
0 2 4 6 8 10
Salt concentration (% wiv)
40 aas
111
38
36
=
= 24
B
| =]
2 a2
7
o
£ 3204
[ 7]
o
28
L
26
24 . ! T
4 6 8 10

pH
Figure?2: Variation of therennet strength of SASextract
with extrinsic extraction conditions. Soakingtemperature
(i), initial salt concentration (ii) and initial pH (iii). Rennet
strength wasdeter mined by adding 100uL of SAS extract to
1mL of reconstituted milk at 35°C. Each experiment was
repeated fivetimes, and error bar indicating standard

werecombined.
Combined effect of extraction factors

In order to determine the combined effect of ex-
traction factors, the SAS whole fruit powder from
Guinea Savannah, NaCl concentration, temperature,
maturity were used at 10%, 0 and 4%, 5°C, and from
6 weeksrespectively inacidic (pH 5.0) and alkaline
(pH 8.0) media. Asshownin TABLE 1, the SAS ex-
tract srengthwassignificantly different betweentheex-
tractant media (P < 0.05). In the presence of NaCl
(4%), SASextract strengthwas significantly higher in
acidicmediumthaninakainemedium (P<0.05). The
same observation has been reported in other species of
Solanum*”, However, interaction between NaCl and
pH waslessefficient than 4% NaCl in distilled water
used individualy. NaCl indistilled water was used as
extractant medium throughout therest of thisstudy.
SinceNaCl isreadily availableinAfrica, itisan oppor-
tunity to devel op asustainable coagulant from SAS
fruits. Further studiesusing response surface method-
ology would be necessary to optimize coagul ant prepa
ration process.

Effect of SASextract on themilk coagulating prop-
erties

Enzymeconcentration

Aswith other proteases, the amount of rennet af-
fected SA Sextract strength (Figure 3a). The strength
of SASextract decreased appreciably withtheinverse
of SASextract concentrationupto 7.9+ 0.1 (mg/ml)?,
and adopted an asymptotic alure. A similar tendency
had been observed with enzymatic extract of Cynara
cardunculuson the ovineand caprinecasein*?. This
tendency could beexplained by either thelack of speci-

TABLE 1: Rennet strength of SASfruitsextracted under
different conditions

Condition of extraction Rennet strength (U)

0% NaCl in digtilled water 67.2+1.8°
0% NaCl in 50 mM citrate buffer (pH 5.0) 27.2+0.1%
0% NaCl in 50 mM Tris-HCI buffer (pH 8.0) 375+06"
4% NaCl in ditilled water 1309+ 1.1°
4% NaCl in 50 mM citrate buffer (pH 5.0) 82.8+0.6°
4% NaCl in 50 mM Tris-HCI buffer (pH 8.0) 72.6+0.7°

Values within the same column bearing different letters are
significantly different at 5% level
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ficity of milk-clotting enzymefrom SAS extract for
Phe, .-Met, , bond or proteol ytic activity of other pro-
teases present in the extract™. In addition, these pro-
teasesa so may haveinitiated generd proteolysiswhich
can counteract the aggregation processof milk. There-
fore, to usethis coagulant in cheese-making, it would
beimportant to understand the effect of other coagu-
lating factors such as pH, cal cium chloride concentra:
tion and temperature.

Milk pH
Thesensitivity to pH dependsontherennet used®.
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These authors have reported the effect of milk pH on
rennet coagul ation time. According to recent findings,
reducing themilk pH significantly increasestherennet
strength™. Thestrength of SAS extract followed this
tendency (Figure 3b). Thiscan beexplaned by thefact
that thelowering of milk pH favoured solubilization of
colloidal calcium phosphate??; reduced chargerepul-
sion between micellesand increased extract activity?4,
However, at milk pH below 6.2, solubilization of col-
loida cacium phosphate could decreasetensionincurd
and reducefirmness®.
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Figure3: Effect of variousfactorson the SASextract strength: enzyme concentration (a), milk pH (b), calcium chloride
concentration () and milk temperature(d). Experimentswer ecarried out by adding 100ul of coagulant to 1mL of reconstituted
milk. Each experiment wasrepeated six times, and theerror barsrepresent thestandard deviation.

Calcium chlorideconcentration (CaCl,)

practice, promotes rennet coagul ation viathree benefi-

Theaddition of CaCl, tomilk, whichiscommon  cial changes: anincreasein solublecalcium, colloidal
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calcium phosphate, and a concomitant decrease in
pH?8, Figure 3c depictsthevariation of rennet strength
of SASextract with calcium chloride concentration.
With pH adjusted at 6.4, rennet strengthincreased with
calcium chloride: theincrease waslow between 0 and
1.8 mM; high between 1.8 and 2.7 mM, and became
stationary at 3.6 mM. Addition of calcium has positive
effect onthefirmnessand yield of cheesd?.

Milk temperature

The set temperatureinfluencesthe milk-clotting
activity of rennet, and it isof mgor importancein de-
termining theconditionsin cheese-making. Thestrength
of SASextract varied with setting temperature of milk
(Figure 3d). The SASextract strengthincreased lin-
early from 30°C to about 50°C, and decreased drasti-
caly withtemperaturesabove 50°C. Theprincipal ef-
fect of set temperatureison the secondary, non-enzy-
matic phase of coagulation, which doesnot occur at
temperatures below around 18°C*¥. A progressivein-
creasein rennet strength astemperatureincreasesfrom
20t0 40°C has been previoudly reportedi**?8. Beside
the possibledenaturation of proteins, another factor re-
sponsiblefor the decreased rennet strength of heated
milk isthe complex formed between k-casein and -
lactoglobulin or a-lactal bumin.

Thermal stability of SASextract

Thermal stability of rennet isimportant when the
whey isto be used infood processing?. Asshownin
Figure4, the strength of SASextract was affected by
temperature and time of wet heating. Themilk-clotting
enzymeremained fully activewhen exposed for 60 min
at 35°C. For all theother temperatures, after 10 min of
incubation, strength decreased. It decreased to 90, 75,
22 and 18% after only 10 min of incubation at 40, 45,
50 and 55°C respectively. SAS coagulant was more
thermosenditive than other vegetabl e coagul ants such
as Solanum dobiumextract (t,, = 10 min at 60°C)!,
Jacaratia corumbensis O. Kuntze (t,,, = 15 min at
55°C)124. However, it possesses agreat technological
advantage because whey obtai ned with thisplant ex-
tract could be used effectively infood processing.

Proteolytic action of SASextract

Milk-clotting enzyme preparationsare known to
be always associated with proteol ytic activity. How-

BioTechnology —

ever, for cheese-making, it isnecessary to use coagu-
lant possessing strong milk-clotting activity and least
proteolytic action to avoid undesirablefinal products:
poor yield, acid and bitter flavour and crumbly texture.
FHgure5showsthekineticsof hydrolyssof bovinecasain
as shown by the production of 5% (w/v) TCA-soluble
peptides for aperiod of 3 h. The rate of hydrolysis
increased appreciably withincubationtimeupto 1 h,
and became stationary. The proteolytic action of SAS
extract increased hyperbolicaly withincubation time.
Thisobservationissimilar to thesereported on the hy-
drolysis of ovine and caprine casein by Cynara
cardunculus extract, and bovine casein by Cynara
scolymus™4,

100 4

80 —a— 35°C
—— 40°C
- 45°C
—y— 50°C

601 —=— 55°C

40

Residual activity (%)

20 A

’ 0 1‘0 2‘0 3‘[] 4‘[] éD 6‘0
Figure4: Thermal stability of SAS extract. Extract was
incubated at different temper atur es, ranging from 35- 55°C,
and residual activity determined at intervalsof 10 minfor 1
hour. Each experiment wascarried out in triplicate. Values
werepresented asmean and error bar srepresent thestan-
darddeviation.

Effect of SASextract on theprimary and second-
ary phasesof coagulation

Therearetwo phasesin therennet coagulation pro-
cess. theenzymatic cleavage of k-casein andtheaggre-
gation of therenneted micellesto formagel??. These
phases of the rennet coagul ation can be separated by
exploiting thefact that the second phase (gel assembly)
effectively doesnot occur below 18°C, while the first
phase progressesowly a low temperatures™?. Figure
6 showsrennet coagulationtime (RCT) asafunction of
pre-incubation timeat 15°C, indicating theduration of
the two phases of SAS extract coagulation. The de-
creasein RCT waslow during thefirst 60 min of pre-
incubation, becamedrastic up to 120 min and tended
towards constant from 150 min. However, intheideal
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conditionsusing chymosin, RCT versuspre-incubation
timeat |low temperature give ahyperbolic decay ten-
dency!*3. SASextract did not follow exactly thisten-
dency, suggesting that aswith other plant coagulants,
SASextract wasassociated with lessspecificactionon
Phe, .-Met, , bond of k-casein. Sincetheprimary phase
of coagulation refersto thetime needed to hydrolyze at
least 85% of k-casaein?, SASextract hydrolyzed es-
sentidly dl thek-casein after about 180 min. Thedura
tion of secondary phase was about 241 seconds.

0,16
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Figure5: Variation of absorbanceat 280 nmwith incubation
time. Proteolyticactivity wasdeter mined by adding 120 uL of
SASextract to3mL of 1% Casein (w/v) at 30°C. Theexperi-
ment wasfollowed for 3h. Resultswer e presented asmean of
threereplicates, and error barsrepresent standard devia-
tion.

Activity and microbial changesduring SASextract
storage

Theactivity and microbiologica characteristicsof
coagulant varied during storage. Theuse of stored co-
agulant may causeadditiona microbia contamination
of milk®, Aspresentedin TABLE 2, the variation of
microbial populationsand residud activity of SASex-
tract wasexamined during three months of storageus-
ing preservativesat 4°C. The number of microorgan-
ismsper milliliter infresh SASextract (O monthsstor-
age) were 7.2+0.1x10?(cfu/mL) of total viable count,
0.31+0.04x10? (cfu/mL) of moulds and yeasts,
2.9+0.1x10?%(cfu/mL) of Lactobacilli; while Salmo-
nella spp, E. coli and Clostridium spp were absent.
At ambient temperature, the SASextract strength was
lost after three days of storage. For this reason, the
effect of storage on the changesin microbial popula

tionsand activity of SASextract wasconducted at low
temperature (4°C). Results concerning total viable count
showed that the percentage of growth decreased when
acetic and citricacidswere used asadditives, whileit
increased with sorbic acid and control. For mouldsand
yeasts, therate of growth increased regardless of the
preservative used, with amaximum of 68.7+2.4% (sor-
bic acid). The percentage of E. coli growth increased
from the second month when sorbic acid was used.
Regarding Lactobacilli, the rate of growth decreased
with theses additives except control. E. coli gppeared
at thethird, second and third months of storagerespec-
tively in control and sorbic acid; thiscan serioudy limit
theuseof stored SASextract. The SASextract retained
58.1+2.7% of activity in the control, followed by citric
acid (54.8+5.0%), sorbic acid (44.1+1.5 %) and ace-
ticacid(24.2+1.3%) after three months of storage. These
results suggested that SA S extract can be stored with-
out preservativesfor two months, whilecitricacid was
themost suitable preservativefor long term storage.

290

280:7 Essentially all the x-
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Figure6: Effect of pre-incubation at low temper atureon
rennet coagulation time. Reconstituted milk wascooled to
15°C beforerenneted with 10% with SASextract. At regu-
lar intervalsof 30 min, RCT wasdeter mined at 35°C. Values
wer e presented as mean of fivereplicates, and error bars
represent thestandard deviation.

Effect of SASextract on curdyield

The Zebu milk used for this study was composed
of 7.8+0.4 g/kgash,45.3+4.2 g/kg fat, 49.1+ 8.0 g/
kg lactose monohydrate, 37.2+ 4.0 g/kg proteins and
139.4 £+ 16.0 g/kg dry matter; with a pH of 6.69.
Cheeseyidd, defined astheweight of cheese obtained
from agiven weight of milk sample, isconsidered a
major factor affecting efficiency and profitability of

s LBioTechnology
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TABLE 2: Effect of storage period at 4°C and additives on the microbial changes in SAS extract and remaining activity

Storage

Microbial populationsin SAS extract (107 cfu/mL)

Additives

Residual activity

(months) Tot(z:aél\;ri]:t:\ble Mo;égsstgnd Saln;ggella Lactobagilli E. coli Clos;)igium %)
0 72+0.1 0.31+0.04 / 29+0.1 / / 100
Percentage of microbial growth from 0 storage month (%)

Control 1 +14+03 +126+2.1 / +69+02 | / 843143
2 +139+1.5 +252+ 14 / +10.4+0.1 / / 728+4.1
3 +66.7 + 3.1 +29.7+1.5 / +104+0.3 24+22 / 58.1+2.7
1 -14+03 +1.2+0.2 / -6.9+0.2 / / 67.3+2.7
A;c?t(;c 2 42407 +9.640.7 / 102401/ / 435+5.1
3 -9.7+0.6 +174+1.4 / -345+£0.3 / / 242+ 1.3
1 +1.4+0.3 +11.7+0.2 / -242+1.0 / / 77.2+2.4
S;)(r:il::;c 2 +9.8+0.5 +26.1+1.3 / -37.9+2.5 25.0£2.0 / 53.0+£2.5
3 +18.0+0.6 +68.7+2.4 / -48.3+2.0 39.0+1.5 / 441+ 1.5
1 -14+03 +29+1.2 / -6.9+0.0 / / 81.6+2.2
Citricacid 2 -4.1+0.6 +5.4+0.1 / -20.6+0.5 / / 64.1+ 3.0
3 -95+0.7 +16.3+ 1.5 / -274+£09 / / 54.8+ 5.0

(+) Increase, (-) Decrease, (/) Absent

TABLE 3: Mass, dry matter content, and solidsin vat milk,
curd and whey of fivelaboratory scaletrials

Parameters Calf Rennet  SASextract
Milk
Massin vat (g) 20.0+1.2 20.0+£1.2
Dry matter content (g/kg)  139.4+ 16 139.4+ 16
Milk solidsin vat (g) 28+0.2 28+0.2
Curd
Curd mass from vat (g) 5.6+0.7 55 +£0.7
Milk solidsin curd (g) 20+01 19+0.2
Dry matter content (g/kg) 357.1+4.1 349.1+55
Whey
Mass from vat (g) 14.4+0.68 145 +0.7
Milk solids in whey(g) 0.8+0.2 0.9+0.20
Dry matter content (g/kg) 92.1% +15.4 100.7 +14.9
Yield
®Estimated yield; (%) 28.0+ 0.6 278+15
PEstimated yield; (%) 17.1+0.5 156+ 1.2

Dry matter, milk mass and curd masswere measured. All other
data were calculated; No statistically significant difference
was observed between calf rennet and SAS extract; 2yield
calculated with fresh curd; Pyield calculated with curd dry
matter

cheese-making®Y. Indicesof cheesemaking efficiency
include cheeseyield, and/or therecovery of milk con-
stituentsin curd or their [ossin thewhey, in particular
the casein and fat®2. However, judgement on the ap-

propriateness or suitability of such substituteshasal-
ways been limited to coagul ating and proteol ytic activi-
ties: withlittleor noinformationrelativeto specifictrans
fer of milk solidsfrommilk to curd. Asshownin TABLE
3, no statistically significant difference was observed
between calf rennet and SASextract (P> 0.05). How-
ever, curd dry matter (357.1+4.1 g/ kg; 349.1 +£5.5
o/kg), milk solidsincurd (2+0.1 g; 1.9+ 0.2 g), mass
curd (5.6 £0.7g; 5.5 £ 0.7 g), estimated fresh curd
yield (28.0+0.6%; 27.8 + 1.5 %) and estimated curd
dry matter yield (17.1 £ 0.5 %;15.6 £ 1.2 %) were
higher when calf rennet was used. Thismay beeither
because nonspecific proteolysisof SAS extract or as
theloss of milk solidswas moreimportant with SAS
extract than caf rennet during drainage®. Despitethis
dight differenceinyield, SASextract couldbeused as
aplant coagulant dternativeto caf rennet. Further sud-
ieswould be necessary on themicrobiological, physi-
cochemical, rheologica and sensory characteristicsof
cheesemadewith SAS coagul ant.

CONCLUSIONS
The present study was carried out to investigate

the poss bility to use SA Sfruitsin cheese-making. Milk-
clotting enzymeswereuniformly distributed incoatsand
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seeds partsof SASfruit. Fruitsharvested from six to
eight weeksmaturity werethe best source of milk-clot-
ting enzymes, irrespectiveof Cameroon’s agro-ecologi-
cal zones. Remarkabl e strength of SAS coagulant can
be observed when 4% NaCl solution used as extract-
ant medium. Aswith other milk-clottingenzymes, SAS
extract was pH, temperature, calcium and enzyme con-
centration dependent. It wasmorethermosengtivethan
other proteasesfrom plant. Thisproperty enhancesthe
use of resulting whey in other food processes. More-
over, SASextract was associated with strong coagu-
lating activity and least proteolytic action. SASextract
can be stored without preservativesfor two months;
and citric acid can be used as additive for long term
storage. Inaddition, therewasno significant difference
between yield of curdsobtained with SAS extract and
caf rennet. Theresultsof thisstudy indicatethat SAS
extract could be used asaplant coagulant dternative,
toameliorating thenutritiona input of Sub SaharanAf-
ricapeoplewhose use of animal and microbial coagu-
lant isconstraint. However, further studies about bio-
chemical characteristicsof both the SASextract and
theresulting milk curd are needed to confirmitsconve-
niencein cheese-making.
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