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Abstract. Rennet, a milk coagulant exhibiting proteolytic activity, is a crucial component in cheese industries. Its price and availability
have discouraged the growth of some small scale cheese industries. Therefore, an alternative for rennet will be beneficial for the indus-
tries. Among other sources, plant proteases offer some advantages as rennet alternatives. This study aimed to investigate the potential of
plant proteases obtained from the latex as potential rennet alternatives. A total of six plants from the genus Ficus and Artocarpus were
screened for their proteolytic activity and milk coagulating ability. The screening indicated that all six tested plants displayed proteolytic
activity at various levels, but only Ficus benjamina and Artocarpus heterophyllus produced a firm milk curd. Hence, both F. benja-
mina and A. heterophyllus were determined to be the most potential. Further characterizations suggested that F. benjamina and A. heter-
ophyllus protease were optimum at pH 7.0 also at 50°C and 40°C, respectively. At their optimum conditions, both proteases exhibited a
lower MCAJ/PA ratio than that of the rennet. This study contributed to scientific knowledge development by becoming the first to char-
acterize the optimum conditions of F. benjamina and 4. heterophyllus’ proteases, investigate their MCA/PA ratio, and compare their
activity against commercial rennet. The examination of their potentials as rennet alternatives could benefit small cheese industries and
the communities.
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INTRODUCTION

The trend of cheese consumption in Indonesia is
increasing every year. The cheese was originally not a
typical food in Indonesia, but it gains popularity in
recent decades, increasing the demand for cheese
steadily (Mansur, 2018). In 2020, the cheese con-
sumption in Indonesia is predicted to grow by 4.43%,
with the projected industrial revenue to increase by
8.7% (Cheese—Indonesia | Statista Market Forecast,
2020). The growths are reflected in an increase in the
number of cheese industry in Indonesia, including
small scale industries, which is expected to grow an-
nually by 5.2% (Cheese—Indonesia | Statista Market
Forecast, 2020).

One of the critical components in the cheese-
making process is rennet. Rennet is added to the milk
and transforms the milk into solid curd and liquid
whey, in which the curd will be processed further into
cheese. The main constituent of the rennet is rennin,
an aspartic protease that cleaves kappa-casein protein.
Kappa-casein possesses both hydrophobic and hydro-
philic regions. It protects and stabilizes the hydropho-
bic alpha and beta-casein against the water compo-
nent in the milk allowing casein complex to be solu-
ble (Kethireddipalli & Hill, 2015). In the presence of
rennin, kappa-casein is hydrolyzed at the Phel05-

Met106 bond, removing the hydrophilic portion as
well as exposing both hydrophobic alpha and beta-
casein to the aqueous environment. This exposure
further destabilizes the casein complex, which leads
to milk coagulation (Amira et al., 2017).

Rennet was initially extracted from the calf abo-
masum, and nowadays, many alternatives produced
by microorganisms are available (Benlounissi et al.,
2014). Lengthy and intricate processes in that rennet
production drive the selling price to be relatively
high. The high cost of rennet is unfavorable for small
scale cheese industries to grow (Bouma et al., 2014).
Other than the price, rennet availability also becomes
an issue. The small industries usually do not have a
direct access to rennet. Therefore, a cheaper and more
readily available rennet alternatives will be beneficial
for those small industries.

One strategy of finding rennet alternatives is by
screening proteases for their ability to coagulate milk
similar to that of rennet. Proteases are prevalent en-
zymes, and they can be found in all organisms (Mot-
yan et al., 2013). Compared to microorganisms and
animals, plants are simpler to process and less sensi-
tive to many ethical issues. Also, locally available and
abundant ones are potentially easier to collect. Hence,
plants can be considered as potential candidates for
protease sources (Amira et al., 2017).
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Some studies have been conducted in studying
plant proteases as a milk coagulating agent to replace
rennet. Bromelain, ficin, zingibain, cucumisin, and
papain; proteases from pineapple, cluster fig, ginger,
melon, lettuce, and papaya respectively have been
studied for their milk coagulating ability (Faccia et
al., 2012; Huang et al., 2011; Silvestre et al., 2012).
However, their application in cheese production is
still limited. In South Sulawesi, Indonesia, the latex
from unripe papaya containing papain had been tradi-
tionally utilized to coagulate milk during the process
of making a cheese-like food known as dangke (Sul-
miyati, 2017).

To increase the probability of obtaining potential
proteases, the screening in this study targeted plants
that produce latex. A similar approach has been ap-
plied to screening potential plant protease for a milk-
coagulating enzyme in the genus Euphorbiaceae (Fi-
briana & Upaichit, 2015). The reasoning of targeting
the plants which produce latex is because the latex is
a form of defense mechanism against pathogens and
herbivores, and it may contain proteases (Siti-Balqis
& Rosma, 2020). For this study, the examined plants
were selected from the Moraceae family. This plant
family is known for its ability to produce latex (So-
mashekhar et al., 2013).

This study aimed to investigate the potential of
plant latex-containing protease from Ficus and Arto-
carpus genera, members of the Moraceae family, as
rennet alternatives. Some studies have been conduct-
ed to examine the protease from Ficus spp.
and Artocarpus spp., however, the information on
their proteolytic characteristics related to milk-
coagulating properties are still limited. The novel data
obtained from this study are not only crucial in en-
riching scientific knowledge but also essential in un-
raveling the potential of local plants to support small
industries and the communities.

METHODS

This study focused on Ficus and Artocarpus gene-
ra. Three members from each genus were selected
based on their local availability and abundance. The
three selected members from the genus Ficus are F.
benjamina, F. lyrata, and F. septica. Three members
from the genus Artocarpus are A. heterophyllus, A.
altilis, and A. camansi. The exploration was conduct-
ed by examining their protease activity and screening
their milk-coagulating ability. For the two most pro-
spective plants (F. benjamina and A. heterophyllus),
their optimum conditions for protease activity and
their MCA/PA ratio were studied to examine their
potential as rennet alternatives further.

Latex collection and crude enzyme extract prepa-
ration

Latex from each plant was collected by incising
the young shoots. The latexes were mixed with 50
mM cold phosphate buffer pH 7.0 to obtain a final
concentration of 0.1 g latex.ml™ buffer. The latex-
buffer mixtures were thoroughly mixed by vortexing
followed by centrifugation at 10,000 rpm for 5
minutes. Soluble protease in the supernatant fraction
was collected and was kept cold until subsequent
analyses. The supernatants will be referred to as crude
enzyme extracts from now on.

Proteolytic activity determination

The proteolytic activity of the latex proteases was
determined using the Folin-Ciocalteau method (Cupp-
Enyard, 2008). The activity was calculated from the
enzyme’s ability to hydrolyzed substrate casein and
produce free tyrosine. Dilutions of the crude enzyme
extract were performed when necessary. Rennet 1
mg.ml™ was included as the control. Briefly, 500 ul
crude enzyme extract from each plant was mixed with
500 pl pre-warmed 1% casein (Merck) at 37°C in a
test tube. The mixtures were then incubated at 37°C
in a water bath for 10 minutes. The reaction was
stopped by the addition of 1.25 ml TCA 5%. The
precipitated proteins from the mixtures were separat-
ed by cold centrifugation at 10,000 rpm for 10
minutes, and then the supernatants were recovered
and kept cold on ice. As much as 500 ul of the super-
natants were each mixed with 1.25 ml Na,CO; 500
mM and 250 ul Folin-Ciocalteu reagent (Merck). The
mixtures were incubated at 37°C for 10 minutes and
were brought to room temperature before measure-
ment. The absorbances were read at A 660 nm (Shi-
madzu UVmini-1240). The concentration of released
tyrosine was calculated by comparing the absorbance
with the tyrosine standard curve. The proteolytic ac-
tivity was expressed as Unit per mg protein. One unit
of proteolytic activity is described as the amount of
tyrosine being produced in pumol per minute. This
measurement was conducted in triplicate.

Protein concentration determination

The protein concentration of the crude enzyme ex-
tracts was determined using the Bradford assay. Brief-
ly, 25 pl of the crude enzyme extract was mixed with
1 ml Bradford reagent followed by a 5 minutes dark
incubation at room temperature. The developed blue
color was measured at A 595 nm, and the absorbance
was compared to Bovine Serum Albumin (Merck)
standard curve. This measurement was conducted in
triplicate.
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Milk coagulation screening assay

Milk coagulation potential for the screening was
conducted by mixing 20 pul crude enzyme extract with
5 ml 10% skim milk containing 10 mM CaCl, in
phosphate buffer pH 7.0 (Pontual et al., 2012). Rennet
1 mg.ml™ and phosphate buffer were included as a
positive and negative control, respectively. The mix-
tures were then incubated in a 37°C water bath for 15
minutes. The tubes were tilted to examine the sign of
coagulation. This assay was conducted in triplicate.

Optimum pH and temperature determination

Crude enzyme extract of F. benjamina and A. het-
erophyllus were characterized for their optimum pH
and temperature by measuring their proteolytic activi-
ty at varying pH and temperature, respectively. The
pH and temperature yielding the highest proteolytic
activity were determined to be the optimum condition.
Overall, the assay was conducted similarly as in the
proteolytic activity determination. For optimum pH
determination, the pH of the reactions was adjusted to
3.0, 4.0, 5.0, 6.0, 7.0, and 8.0 using 50 mM phosphate
buffer while the temperature was set at 37°C. For
optimum temperature determination, the reaction
mixtures were incubated at 4, 25, 30, 40, 50, 60, and
70°C while the pH was kept at 7.0. The measurement
was conducted in triplicate.

Milk-coagulating activity (MCA), proteolytic ac-
tivity (PA), and MCA/PA ratio determination

The milk-coagulating activity of F. benjamina, A.
heterophyllus, and commercial rennet were deter-
mined by a similar procedure as the milk coagulating
screening assay. The pH and incubation temperature
for each sample was set to their optimum conditions.
The time needed for each sample to show a sign of
coagulations was recorded. The MCA was calculated
by the following equation (Wu et al., 2013):

2400 = 7

ACA =
r =

Note,
MCA = Milk-coagulating activity
t = coagulating time (in seconds)
\Y = skim milk volume (in ml)
¥ = volume of crude enzyme extract (in ml)

One unit of MCA is expressed as the amount of
milk (in ml) that can be coagulated by 1 ml crude
enzyme extract in 40 minutes.

Proteolytic activity of F. benjamina, A. hetero-
phyllus, and commercial rennet were determined as
previously described at each of their respective opti-
mum condition. Here, the proteolytic activity is ex-
pressed as Unit per ml crude enzyme extract. One unit

of proteolytic activity is described as the amount of
tyrosine being produced in umol per minute.
MCAV/PA ratio was calculated by dividing MCA
with PA. The ratio of MCA/PA is unitless. The MCA
and PA determination were conducted in triplicate.

Data analysis

The data were analyzed statistically using SPSS
ver.22 The mean differences among samples or treat-
ments were examined using one-way ANOVA, and
the significant differences were analyzed by Tukey’s
test with p < 0.05.

RESULTS AND DISCUSSION

Proteolytic activity

The first step of screening was conducted by ex-
amining the level of proteolytic activity exhibited by
the latex of each tested plants. Rennet was used in this
experiment to serve as a positive control. From the six
tested plants, the proteolytic activity from the highest
to the lowest were F. benjamina, F. septica, A. heter-
ophyllus, A. camansi, F. lyrata, and A. altilis at 18.72,
4.40, 2.04, 1.88, 1.36 and 1.12 U.mg protein™ respec-
tively while the rennet exhibited a proteolytic activity
at 5.27 U.mg protein™ (Figure 1).
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Figure 1. A proteolytic assay using crude latex ex-
tract from the tested plants. Fb, Fs, Fl, Ah, Aa, Ac,
and Rn represent F. benjamina, F. septica, F. lyrata,
A. heterophyllus, A. altilis, A. camansi, and commer-
cial rennet, respectively. Error bars represent standard
deviations from three replicates. Different letter on
top of each bar indicates a significant difference
(Tukey’s test p < 0.05). The Y-axis is split to display
the high activity of Fb better.

The different levels of proteolytic activity from the
tested plants might be an early indication for their
potential. However, proteolytic activity is not the
single determining factor in milk coagulation. A high
proteolytic activity does not directly translate to an
excellent milk-coagulating property (Amira et al.,
2017). Therefore, to further evaluate their potential,
the ability of the crude enzyme extracts in coagulating
the milk was examined.
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The milk coagulation screening assay presented in
Figure 2 suggested that not all six tested plants had
the ability to coagulate milk. Crude enzyme extract of
F. septica, F. lyrata, and A. camansi failed to coagu-
late the milk (Figure 2-Fs, Fl, and Ac). The milk
stayed liquid even after 30 minutes of incubation.
Meanwhile, the extract of F. benjamina, A. hetero-
phyllus, and A. altilis successfully coagulated the milk
(Fig 2-Fb, Ah, and Aa). Rennet and phosphate buffer
were included as a positive and a negative control,
respectively. Rennet addition coagulated the milk
resulted in a clear separation between the solid white
curd and the clear liquid whey when the tube was
tilted (Figure2-Rn). Phosphate buffer addition did not
change the state of the milk, the milk stayed liquid,
and it did not display any separation (Fig 2-Pb).

Figure 2. Milk coagulation screening assay on crude
latex extract from the tested plants. The assay was
conducted in triplicate, and one tube from each tripli-
cated was documented above as a representative. Fb,
Fs, FI, Ah, Aa, Ac, Rn, and Pb represent F. benja-
mina, F. septica, F. lyrata, A. heterophyllus, A. altilis,
A. camansi, commercial rennet, and buffer respective-
ly. The tubes were tilted to examine milk clot for-
mation. Red-dashed lines, which are parallel to the
earth’s surface, depict the surface of liquid milk. Yel-
low-dashed lines depict the surface of solid curd,
which no longer parallel to the earth’s surface, and the
blue arrows indicate the liquid whey. Both solid curd
and liquid whey are the results of a successful milk
clotting.

Upon further examination, the curd on A. altilis
treatment was looser than that of the F. benjamina
and A. heterophyllus. F. benjamina and A. heterophyl-
lus produced a firm curd with notable whey for-
mation, comparable to that of rennet (Figure 2). Both
the results in Figurel and Figure 2 suggest that F.
benjamina and A. heterophyllus may be good candi-
dates for rennet alternatives. Therefore, it is crucial to
investigate their biochemical characteristics to deter-
mine the best condition for the cheese-making appli-
cation.

F. benjamina and A. heterophyllus proteases

A further examination of F. benjamina and A. het-
erophyllus was conducted using the latex-containing
protease to examine their biochemical characteristics.
F. benjamina and A. heterophyllus young shoots and
their latex were displayed in Figure 3. Upon further
examination, F. benjamina and A. heterophyllus’
proteases exhibited similar optimum conditions (Fig-
ure 4 and Figure 5). The optimum condition for F.
benjamina protease in the crude enzyme extract was
determined to be at pH 7.0 and 50°C (Figure 4A and
4B). Similar to that of F. benjamina, A. heterophyllus
protease worked optimally at pH 7.0 and 40°C (Fig-
ure 5A and 5B).

plants which were used in this study, F. benjamina
(panel A) and A. heterophyllus (panel B). The latex
(blue arrows) was collected from the incised young
shoots (insets on both panels).

F. benjamina’s activity at pH 7.0 in Figure 4A was
comparable with the result presented in Figure 1,
which was conducted in the same condition. Its activi-
ties at pH 6.0 and below were significantly lower than
at pH 7.0. Its activity at pH 8.0, although it was lower
than at pH 7.0, was not significantly different from
pH 7.0. This result indicated that F. benjamina’s pro-
tease was more active at neutral pH as well as at
slightly alkaline conditions.

F. benjamina’s proteolytic activity was increasing
as the temperature increased. Its optimum activity was
observed at 50°C (Figure 4B). F. benjamina activity
at 50°C was 50.99 U.mg™; this value was about 2.5
times higher than the previously observed activity at
37°C (Figure 1). The activity measured at 37°C (Fig-
ure 1) falls between the activities measured at 30°C
and 40°C (Figure 3B) indicated the validity of the
assay. At higher temperatures, 60°C and 70°C, the
activities decreased significantly. This decrease was
possibly due to the partial enzyme denaturation at
higher temperatures (Huang et al., 2011).

This finding was consistent with the previous find-
ing in which a purified cysteine protease of F. benja-
mina worked optimum between pH 6 to 8 at 60°C
(Wanderley et al., 2018). The result in this study was
slightly different on its optimum temperature, possi-
bly due to the crude enzyme extract being used in-
stead of the purified enzyme. Also, the biochemical
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characteristics of F. benjamina’s protease are compa-
rable to that of the other Ficus spp. They were most
active at pH 6.0 to 8.0 and at 50°C to 70°C (Af-
sharnezhad et al., 2019; Sharma et al., 2012; Wahyuni
etal., 2015).
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Figure 4.The optimum condition for F. benja-
mina’s proteolytic activity. Panel A and B display the
examination for optimum pH and optimum tempera-
ture, respectively. The Y-axis in both panels repre-
sents proteolytic activity. Each point represents the
average of triplicates, and each error bar represents

standard deviations.

A. heterophyllus demonstrate a pH-related activity
profile similar to that of F. benjamina (Figure 5A). Its
activity was increasing as the pH increased, and it
reached optimum at pH 7.0 before it decreased at pH
8.0. The activity at pH 7.0 was 2.03 U.mg™, and it
was consistent with the previous measurement con-
ducted at pH 7.0 in Figure 1 at 2.04 U.mg™. Slightly
different from F. benjamina, A. heterophyllus prote-
ase exhibits optimum activity at 40°C, as seen in Fig
5B. At 2.09 U/myg, this activity is comparable with the
activity at a slightly lower temperature (37°C in Fig-
ure 1). As the temperature increased, at 50°C and
above, the activities were significantly lower. The
information on the biochemical characteristics of
Artocarpus spp. proteases are still limited. A. altilis
and A. integer exhibited a proteolytic activity which
most active at pH 10 and 40°C (Siti Balgis & Rosma,
2011; Siti-Balgis & Rosma, 2020). Those conditions
were similar to that of the A. heterophyllus except that
the pH was different.
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Figure 5. The optimum condition for A. heterophyl-
lus’ proteolytic activity. Panel A and Panel B display
the examination for optimum pH and optimum tem-
perature, respectively. The Y-axis in both panels rep-

resents proteolytic activity. Each point represents the
average of triplicates, and each error bar represents
the standard deviations.

Both F. benjamina and A. heterophyllus optimum
pH was 7.0 and less active at lower pH. This pH re-
quirement suggested that the mode of action of F.
benjamina and A. heterophyllus proteases might be
different from that of chymosin in the rennet, which is
active in an acidic environment (Kethireddipalli &
Hill, 2015). Therefore, their milk coagulating proper-
ties need to be examined.

The MCA/PA ratio of both F. benjamina and A.
heterophyllus

MCAV/PA ratio is considered as one of the stand-
ards to determine the quality of rennet alternatives
(Mazorra-Manzano et al., 2013). A good rennet alter-
native displays a similar or higher MCA/PA ratio than
that of rennet, indicating decent milk coagulating
activity without an excessive proteolytic activity,
which results in bitter taste formation. The examina-
tion of MCA, PA, and MCA/PA ratio of F. benjamina
and A. heterophyllus with their comparison to a com-
mercial rennet are shown in Table 1. F. benjamina
displayed an exceedingly high MCA and PA, resulted
in an overall low MCA/PA ratio at 32% than that of
the rennet. A. heterophyllus showed the opposite trend
of F. benjamina; its MCA and PA were lower than
that of rennet. Its MCA/PA ratio is 58% than that of
the rennet.

Table 1. The comparison of milk coagulating poten-
tial-related properties

Protease PA

Source MCA (U) (U/ml) MCA/PA

F.benjamina  8301.58+ 23.26+ 357.66 +
287.03° 0.20° 12.09 2

A. heterophyl- 663.26 + 1.02 + 649.48 +

lus 16.67 ¢ 0.03° 32.22°

Rennet 2433.97 + 220+ 1121.67 %
74.67° 0.32° 172.77°¢

Note: MCA and PA represent Milk Coagulating Ac-
tivity and Proteolytic Activity, respectively. Each
value represents the average of triplicates % its stand-
ard deviation. The following letters indicate signifi-
cant differences for each parameter (Tukey’s test p <
0.05).

Based on the MCA/PA ratio, it was suggested that
A. heterophyllus was more potential than F. benja-
mina as a rennet alternative. Its low PA can potential-
ly minimize the bitter taste formation. Its relatively
low MCA activity can theoretically be compensated
by using a more concentrated crude enzyme extract. It
is predicted that this will not be a significant problem
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because A. heterophyllus is known as a latex produc-
ing plant (Siritapetawee et al., 2012). Therefore, the
availability of its latex might be sufficient and could
satisfy the needs of a small-scale cheese industry.

F. benjamina, with its low MCA/PA ratio, might
require more optimization. F. benjamina latex coagu-
lated milk effectively, but its high proteolytic activity
increased the risk of bitter taste development (Mazor-
ra-Manzano et al., 2013). Theoretically, the risk can
be minimized by limiting its proteolytic activity
through incubation condition manipulations (e.g.,
temperature and pH). Lowering the incubation tem-
perature to 40°C from its optimum temperature at
50°C decreased its proteolytic activity by half (Figure
4B). The other option is by adjusting the amount of
latex extract for the coagulating process. The lower
the enzyme concentration, the lower its enzyme activ-
ity will be (Robinson, 2015).

The novel biochemical characteristics of F. ben-
jamina and A. heterophyllus proteases, together with
their MCA/PA ratios, were described in this study.
From the pure science perspective, this new infor-
mation enhances the scientific understanding of local
plants and their characteristics. From the applied sci-
ence perspective, this study has the potential to bene-
fit the community. The data on biochemical character-
istics of those proteases are essential to optimize the
milk clotting process during cheese production as
rennet alternatives. The availability of rennet alterna-
tives will be beneficial in supporting small cheese
industries economically as well as the communities.

CONCLUSION

The investigation on six tested plants indicated dif-
ferent levels of proteolytic and milk coagulating po-
tentials. F. benjamina and A. heterophyllus proteases
were determined to have better potentials as rennet
alternatives. Their proteases were the most active at
pH 7. F. benjamina’s protease was optimum at 50°C,
while A. heterophyllus’ was at 40°C. At their opti-
mum conditions, both proteases were not perfect ren-
net alternatives because their MCA/PA ratios were
lower than those of the rennet. Therefore, further ad-
justments are required to optimize their potential.
Comprehensively, the results demonstrated in this
study contributed to the development of both the pure
and applicative scientific.
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