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Abstract: The world’s production of butter generates 6.5.10° tons per year of buttermilk. This byproduct has
important nutrients such as proteins, lactose, and salts. Proteins can be broken to produce peptides, which have
biological activity as antioxidant and antimicrobial. This study aimed to obtain peptides of low molar weight
from buttermilk by a combined process using enzymatic hydrolysis and ultrafiltration (UF). Different enzymes
showed different hydrolysis degrees (HD), as the sequential hydrolysis with Alcalase® and Neutrase® reached
a HD of 34 %. UF separated the peptides of low molar weight by applying 100 kPa (1 bar) of pressure and
under 40 °C. The UF membrane (with the molar weight cut off - MWCO in a range of 30 — 80 kDa) rejected 38
% of proteins from hydrolysed buttermilk. The ultrafiltered hydrolysed buttermilk has higher antioxidant
activity when compared to the buttermilk. The results have shown that it is possible to obtain peptides with
antioxidant activity allied to the valorization of a dairy byproduct from the dairy industry.

Keywords: cleavage; protein; bioactivity; peptide; membranes

1. Introduction

Buttermilk, a by-product of butter production, is a liquid of yellow color released from the
churning of cream milk and it contains proteins, fats, oligosaccharides, phospholipids, glycolipids
and other constituents with biological activity [1]. Proteins can be submitted to hydrolysis to produce
biopeptides [2], including proteins from buttermilk. Sakkas et al. [3] reported that the annual world
production of buttermilk is 6.5.106 ton, and this byproduct is a good opportunity for valorization in
different food markets.

Proteins in buttermilk contain encrypted peptides with bioactivity in their structure. These
peptides are released in the digestion process, and after absorption and transport, they can participate
in several metabolic routes and generate healthy benefits. However, as the peptides are trapped in
the main structure of the protein as they have lesser biological activity. In addition, globular proteins
in the buttermilk can be allergenic for some people because the enzymes of digestive system can’t
reach the specific sites to break the protein chain. The enzymatic hydrolysis releases the peptides and
reduces the allergenicity by the exposure of the chains and makes the digestion easier [4], and the
HD and the molar weight of the peptides obtained in the hydrolysis are directly related with the
reduction of allergenic effect [5]. The size of the peptides in a narrow range between 500 Daltons (Da)
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to 3000 Da is a specific factor that promotes antioxidant activity (AA) [6]. In contrast, small peptides
can be a bitter taste [7] and the consumption can be limited. Furthermore, apart from the hydrolysis,
we also can separate the peptides to obtain a higher biological activity. In fact, the downstream can
be a barrier for a competitive production of any bioprocess because they could require expensive
methods such as chromatography [8].

The membrane separation processes are quite suitable to separate the hydrolysed peptides [9].
UF has been used to purify the hydrolysed peptides from waste meat [10], milk [11], spent brewer
yeast [8], microalgae biomass [12], soybean milk [13] and whey protein [14,15]. The hydrolysis and
separation can be combined in a Membrane Bioreactor (MBR), where the transformation and the
separation can be operated in an integrated process. The hydrolysis breaks the proteins in low
peptides and the ultrafiltration membrane separates the high molar weight proteins (in retentate
stream) from the low molar weight peptides (in permeate stream) [16]. Thus, MBR allows the control
of the molar weight of products as the most suitable MWCO of the membrane was chosen [17,18].

The literature brings some works considered to valorization of buttermilk as the application of
supercritical fluid to separate the constituents [19]. Additionally, buttermilk has phospholipids and
hydrolysis has been tested to separate the protein from the milk fat globule membrane (MFGM). In
fact, the literature has paid attention in the nutraceutical properties of MFGM of buttermilk [20-26]
and recovery of the fat fraction of the buttermilk. Calvo et al. [27] studied a broad characterization of
neutral and polar lipids from the MFGM in the buttermilk. Jahkar et al. [28] evaluated the
development of fruit juices using buttermilk as beverages. Spitsberg et al. [26] recovery MFGM from
buttermilk and evaluated the effect of salts and calcium bonds in the membrane globule. Barry et al.
[29] search the production of phospholipids from buttermilk by the enzymatic hydrolysis and
membrane separation. However, few works have focused on the recovery and valorization of the
protein from buttermilk, and this paper aims to fulfill this scientific gap.

This work aimed to obtain peptides with AA of low molar weight from buttermilk in a
membrane bioreactor, using ultrafiltration following enzymatic hydrolysis by the combination of two
sequential enzymes.

2. Materials and Methods

The research followed three steps:
Sampling and characterization of buttermilk;

2. Batch experiments of protein hydrolysis using different enzymes to select the best enzyme for
the operation of the MBR;

3. Protein hydrolysis and separation of peptides in the MBR.

2.1. Sampling and Characterization of Buttermilk

Buttermilk was donated by Randon Company (Vacaria — Brazil). The buttermilk (30 L) was
collected and transported in a cooled plastic vessel under 5 °C. The physical-chemical
characterization of the buttermilk was performed by a Fourier Transform Infrared (FT-IR) Lactoscope
from Delta Instruments following the protocol 141C of the International Dairy Federation (IDF). The
concentration (w/v) of the protein, fat and lactose in buttermilk was, respectively: 2.07+0.02%,
2.35+0.03%, 1.750.02%; pH was 6.35+0.10.
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2.2. Batch Experiments of Protein Hydrolysis Using Different Enzymes

The tests to select the best enzymes to hydrolysate the protein in buttermilk were performed in
reactors (beakers of 2 L in volume) in a stirred hot plate (model 501 from Fisatom — Brazil) to control
of temperature. 1 L of buttermilk was inserted into a beaker and different concentrations for each
enzyme (according to the suppliers” instruction). NaOH 0.1 M (or lactic acid 0.5 M) were added to
correction of pH under constant stirring.

The reaction was performed in the course of time at different conditions following the suppliers’
instruction. As amino acids are released in the reaction medium, the pH tends to reduce. However,
the pH was kept under the ideal condition by adding 0.1 M NaOH. The reaction was finished by
heating at 90 °C.

The HD was performed by the pH-stat method suggested by Adler-Nissen [30] (Equation 1).

B X N

HD O0) = g < n ®

100 1)
Where B is the volume of NaOH used to maintain the constant pH; N is the gram-equivalent of
NaOH; Mp is the mass of protein (g); o is the dissociation degree of the amino acids; H is the number
of total peptide bonds in the beginning;
The dissociation degree was predicted by Equation 2.

1

ST I0R —pH @

Where a is the dissociation degree; pK changes according to the temperature and pH is constant;
pK was calculated by Equation 3, where T is the temperature (K).

K=78+E0 "1y« 2400 3)
PK =78+ Gog =71

Three enzymes were tested to hydrolyze the proteins in the buttermilk: the endopeptidase
Alcalase® (EC3.4.21.62) and metalloprotease Neutrase® (EC3.4.22) from Novozymes (Bagsverd,
Denmark) were tested. Both enzymes were gently donated by the company LNF Latin America
(Brazil). The endopeptidase Prolyve (EC 3.4.21.62) from Soufflet Biotechnologies SAS (Colombelles,
France) and donated by WGM Systems (Brazil) were also tested. The end of the reaction was noted
by the constant pH in the course of time. Table 1 shows the reaction’s conditions of each tested
enzyme.

After testing the hydrolysis by individual enzymes, we tested a sequence of two enzymes to
improve the hydrolysis of proteins.

Table 1. Conditions of reaction for each enzyme tested for the hydrolysis of protein in buttermilk.

Enzyme
. Temperature . e .
Enzyme Action pH C) concentration Inactivation
(g 100 mL )
Alcalase® Endopeptidase 8.0 55 0.5 90 °C / 20 min
Neutrase®Metallopeptidase 7.0 55 1.25 90 °C / 20 min
Prolyve® Endopeptidase 8.0 55 0.5 90 °C /5 min

2.3. Enzymatic Hydrolysis and Separation of Peptides in the Membrane Bioreactor
2.3.1. MBR Operation

The MBR worked in batches. First, the hydrolysate was produced, and in sequence, the
hydrolysate liquor was fed to the UF system as shown in Figure 1. The rig equipment was supplied
by WGM Systems and it has a UF membrane (Koch Membrane Systems) made on polyacrylonitrile
in tubular configuration, with an effective area of 0.1 m? and MWCO in range of 30 kDa — 80 kDa.

A chemical cleaning was performed before each experiment with (NaOH, pH 11) and rinses
until neutral pH with Mili-Q® water. 10 L of hydrolysed buttermilk was fed into the stainless-steel

d0i:10.20944/preprints202411.2398.v1
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tank (20 L in volume) and temperature were kept at 40 °C to increase the permeate flux as temperature
has a positive effect on permeation. A pneumatic pump forces the feed to the membrane and a valve
was used to set the pressure on 100 kPa (1 bar) and checked in a manometer. The permeate (with the
small peptides) was removed and the retentate (with the bigger proteins) returned to the feed tank.
The time of separation of peptides was in range between 2 h and 4 h, and the total time (reaction +
separation) was 6 h - 8 h.

Manometer
Globe valve
S—
Tank
> Permeate
EH Membrane
Enzymatic hydrolysis
Male valve Pneumatic pump Beaker

Figure 1. Scheme of the Membrane Bioreactor for production of peptides from proteins in buttermilk.
The membrane rejection (MR) was calculated by Equation 4:

c
MR = 100 * (1 _ —p) )
Cr

2.3.2. Peptide Characterization

The peptides were characterized by the prediction of the average length of the chain (ALC), the
average molar weight (AVW) and by electrophoresis. In addition, the bioactivity of AA was also
evaluated.

ALC was predicted by the concept of an amino acid has a molar weight of 120 Da, as reported
by Perea et al. [31] in Equations 5 and 6.

100
e 5
ALC i ®)
AVW = ALC = 120 (6)

The electrophoresis was performed by the Tris-Tricine-SDS-PAGE system as described by Jiang
et al. (2016). The Mini-Protean II Cell from Bio-Rad with glasses plates with 6 cm x 8 cm and width
of 1.0 mm was used.

The AA of the buttermilk and the hydrolysed was evaluated by the ABTS - 2,2"-Azino-bis(3-
ethylbenzthiazoline-6-sulfonic acid) solution as method proposed by Re et al. [32]. 100 mL of solution
7 mM of ABTS was mixed with 100 mL of potassium persulfate 2.45 Mm to generate the ABTSe+
radical. This solution was then kept in dark for 16 h before use. Then, the solution was diluted with
ethyl alcohol until reaching the absorbance of 0.7 +0.05 in 734 nm of wavelength.
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2.3.3. Data Analysis

All experiments were performed in two replicates. Analysis of variance (ANOVA) was used to
determine significant differences (p <0.05) between experimental conditions and Tukey’s test to check
differences between means.

3. Results

The HD obtained by enzymes Alcalase ®, Prolyve ®, Neutrase were 25.8%, 25.2%, 5.89%,
respectively. Figure 2 shows the advance of the HD in the course of time for each enzyme.
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Figure 2. Hydrolysis Degree (HD) of buttermilk protein using different enzymes: (a) Alcalase®; (b)

Prolyve®; (c) Neutrase.

Alcalase and Prolyve exhibit similar behavior to both endoproteases. Therefore, Alcalase is a
serine-protease, with a differential in its sequence of amino acids and three-dimensional structure,
presenting the catalytic triad Asparagine, Histidine and Serine at the active site. The substrates are
linked to the serine-protease through the insertion of the amino acid adjacent to the cleavage site in
a cavity at the active site of the enzyme. The exopeptidase, neutralized, is most active at neutral pH
and has regions of a-helix (38%) and preheated B-sheet (17%) [33,34].

In order to increase HD, the Alcalase and Neutrase enzymes were used in sequence, and the HD
is presented in Figure 3. The combination of the two enzymes with different action mechanisms
promotes a higher HD (34.02 %) than only one enzyme.
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Figure 3. Hydrolysis Degree (HD) of buttermilk protein using sequential: Alcalase® until 2.5 h

followed by Neutrase after 2,5 h.

The hydrolysis performed in a sequence of the Alcalase and Neutrase enzymes resulted in the
best hydrolysis degree. Then, we decided to operate the MBR by using this sequence of enzymes. A
new experiment (in two replicates) was performed under these conditions for the operation of the
MBR. Figure 4 shows the permeate flux of the operation of the MBR. For comparison, the MBR also

ran only with buttermilk.


https://doi.org/10.20944/preprints202411.2398.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 29 November 2024

d0i:10.20944/preprints202411.2398.v1

7

140 - 250

120
- Y _. 200
g 100 - "
4 ° &
? 80 | : » * 2 150
= "
S o ¢ & ]
3 ° o £ 100
g g »
5 40 E 5
[ S # .

20 | ® L 30 W

L ]
L]
0 0 ) *
0 20 40 60 80 100 120 0 20 40 60 30 100 120
Time (h) )
Time (h)
(a) (b)

Figure 4. Permeate flux operating on membrane bioreactor with: (a) Buttermilk without hydrolysis;

(b) Hydrolysed Buttermilk sequentially with the enzymes Alcalase and Neutrase. Pressure: 100 kPa,
T=40°C.

The initial permeate flux of the hydrolysed buttermilk was higher (187 L/h.m?) and a strong
decrease was observed until 15 L/h.m? after 120 min of operation. On the other hand, the operation
of the membrane bioreactor with buttermilk showed a lower initial permeate flux, but a decrease was
also observed, and after 120 min of operation the permeate flux was 23 L/h.m?2. Rejection of proteins
by MBR was also different for the two situations. The protein rejection of the buttermilk by the UF
membrane was 55.28%, while the rejection of the hydrolysed buttermilk was lower (38.46%). This fact
indicates that hydrolysis reduces the size of the buttermilk proteins and a higher passage of proteins
through the membrane pores were observed.

The concentration of protein, lactose, and fat in the permeate and retentate obtained by MBR,
before and after the enzymatic hydrolysis process, is shown in Table 2.

Table 2. Concentration of protein, lactose, and fat in the buttermilk, hydrolysed buttermilk by
Alcalase + Neutrase, permeate and retentate from membrane bioreactor.

Sample Stream Protein (%) Lactose (%) Fats (%)
Feed 2.08+0.03 1.76+0.04 2.43+0.09
Buttermilk Permeate 0.93+0.08 a 0.91+0.09 a 0.23+1.03 a
Retentate 1.08+1.08 2 0.62+1.12a 2.12+0.98 a
Feed 2.08+0.03 1.76+0.04 2.43+0.09
Permeate 1.28+0.09 ® 0.94+0.08 a 0.24+0.08 a
Hydrolysed buttermilk
Retentate 0.78+1.02° 0.59+0.09 a 2.18+0.05 a

*Mean results + standard deviation; different letters in the same column correspond to a significant difference
(p <0.05) according to the Tukey test.

The mass of protein in the feed was distributed into permeate and retentate streams. The
concentration of proteins is higher in the permeate obtained with hydrolysed buttermilk. This
phenomenon has been expected as its molecular size is small and pass through the membrane. The
concentration of lactose and fat in both cases are similar and do not depends on the hydrolysis of
protein.

Table 3 shows hydrolysis promoted an increase on Antioxidant Activity.
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Table 3. Antioxidant Activity (AA) of buttermilk, hydrolysed buttermilk by different enzymes,
permeate and retentate from the Membrane Bioreactor (MBR).

Time Degree of hydrolysis Antioxidant activity
Enzyme .

(h) (DH) ( pmol TE/g protein)
Buttermilk - - 396.81+3.95%
Alcalase 25 25.8 803.58+1.57 b
Prolyve 3.5 252 795.73+5.66 ©
Neutrase 1.8 5.8 418.82+4.167
Alcalase + Neutrase 4.3 34.02 834.21+2.40°®
Permeate - - 956.87+1.57 ¢
Retentate - - 825.48+3.12

AA expressed by mean + standard deviation; different letters in the same column correspond to a significant
difference (p < 0.05) according to the Tukey test.

Hydrolysed samples with higher HD have shown an increase in AA when compared to non-
hydrolysed buttermilk. Permeate (it has more small peptides) has shown the highest AA (956 pmol
TE/g of protein) and retentate has the same AA than the hydrolysed buttermilk. The breakdown of
the protein structure exposed amino acids and free peptides, previously unavailable in the native
protein structure, results in a general increase in AA [35].

To evaluate the molecular mass of the peptides, the samples of buttermilk, buttermilk
hydrolysed by Alcalase + Neutrase, the permeate and retentate were submitted to electrophoresis
(Figure 5).

Figure 5. Gel electrophoresis analysis of buttermilk samples. Subtitle: M: Master markers (5 to 250
kDa) R: Retentate; HB: hydrolysed buttermilk; P: Permeate; B: non-hydrolysed buttermilk.

We can observe a strong mark in the electrophoretic profile of buttermilk (B) in 5 kDa and lighter
marks in a range between 5 kDa and 100 kDa. On the other hand, hydrolysed streams (R, HB, P) have
no marks above 5 kDa. Further discussion is presented in Section 4.

Table 4 shows the average package of the estimated rates for each sample of hydrolysed
buttermilk.
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Table 4. Average lenght of protein chains and estimated average molar mass of buttermilk and
hydrolysed buttermilk with different enzymes.

Average lenght of the
Time  Hydrolysis Degree chains Average molar mass
Enzyme )
(h) (HD) (No. of residues of (kDa)
aminoacids)
Buttermi
- - 100 12,000.00

1k
Alcalase 2.5 25.8 4.0 483.22
Prolyve 3.5 25.2 4.0 476.19
Neutrase 1.8 5.8 17.2 2068.97
Alcalase

+ 43 34.02 29 0.35
Neutrase

We have progressive decrease in the molecular length chains and a molecular mass media as the
HD increases. The final ALC using the Alcalase + Neutrase enzymes was 2.939.

4. Discussion

The different enzymes shown different levels of hydrolysis of the buttermilk proteins. Assessed
separately, the Alcalase enzyme showed a maximum HD of 25.8% in 2 h of reaction. It is known that
this enzyme mainly hydrolyzes peptide bonds containing hydrophobic residues on the carboxylic
side [30]. Adamson and Reynolds [36] verified it in the hydrolysis of casein, where Alcalase®
hydrolyzes preferentially peptide bonds containing residues of Glu, Met, Leu, Tyr, Lys and GIn on
the carboxylic side. Pessato [37] reported an HD from 18.1% to 23.9% in the hydrolysis of whey. Perea
et al. [31] used Alcalase to hydrolyze whey protein, and obtained 16% and 20% HD for the purified
fractions of a-La and (3-Lg (respectively) using the same concentration of enzyme:substrate of this
work. However, buttermilk also contains casein, which seems to have an affinity with the enzyme
Alcalase, according to Adamson and Reynolds [36].

The highest HD found for the Neutrase enzyme was 5.89% in 1.8 h of reaction. After this period,
there was no further changes of the pH and we consider that there was no further hydrolysis.
Neutrase is removing amino acids or pairs of amino acids from two ends of the polypeptide chain
and is not efficient in the cleavage of intact proteins. Neutrase is indicated for joint application with
an endoprotease [38]

The combination of enzymes (Alcalase + Neutrase) has different action mechanisms and
specificities and presents a positive effect in the production of protein hydrolysed containing
peptides with higher AA when compared to hydrolysates produced with enzymes in isolation [40].
The sequential use of Alcalse e Neutrase enzymes was chosen, with the premise that Alcalase
activates the internal regions of the polypeptide chains, breaking the bonds with residues of aromatic,
sulfurized, aliphatic, hydroxyl and basic amino acids on the carboxylic side. As it neutralizes the
external regions, there are cleavage of the remaining bonds of carboxy-terminus (aromatic amino
acids) and also affecting hydrophobic and aliphatic amino acids. The exopeptidases catalyze the
cleavage of peptide bonds in the N or C terminal end of polypeptide chains and endopeptidases act
preferentially in the internal regions of polypeptide chains. Otte et al. [41] tested several proteases in
the hydrolysis of (-Lg, including: bromelain, trypsin, endoproteinase, aminopeptidase and
carboxypeptidase. The standard hydrolysis conditions are 37 °C and pH 8, except for
carboxypeptidase (pH 6.5). B-Lg was rapidly hydrolysed into medium-sized peptides (1-5 kDa) and
49% HD. However, the proteins in buttermilk are a mixture of whey and casein proteins, and they
are not a single protein specie. Thus, there will be different enzyme-substrate affinities, and an

d0i:10.20944/preprints202411.2398.v1
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intermediate HD will be reached. Sabadin, Villas-Boas, Zollner et al. [57] reported MM peptides
smaller than 6.5 kDa in 3-Lg hydrolysed (produced with free Alcalase) contain approximately 12%
of HD. Doucet, Otter, Gauthier [41] reports the formation of peptides smaller than 2 kDa from
hydrolysis with Alcalase for 5 h.

Colbert and Decker [42] hydrolysed buttermilk with the enzyme Alcalase, and the antioxidant
activity of hydrolysed buttermilk, expressed in the percentage of inhibition was 55.96 % and 60.64%.
Therefore, hydrolysis increases the AA of buttermilk, and this is a cross-check of our results.
Additionally, the operation of MBR with the hydrolysed buttermilk separated a permeate constituted
of peptides with a lower molecular chain and an increased AA (Table 3). This process increased the
biological activity of the proteins from this by-product of the dairy industry.

Mendis et al. [43] and Ferreira et al. [44] reported that the hydrolysis of peptides and peptides
with lower average length chain have higher AA. Mendis et al. [43] suggested that the hydrophobicity
and specific position of two residues of amino acids in the sequence of the peptide chain represent
an important role in AA. Ferreira et al. [44] indicates that the reducing power (and, thus, the AA) of
hydrolysed protein suggesting a direct relationship with the capacity to give electrons to free radicals
and convert them into more stable products, interrupting reactions in the chain.

Regarding the operation of the MBR, we observed a high initial permeate flux followed by a
strong decay. This behavior is characteristic of protein ultrafiltration processes [48]. Cheison, Wang
and Xu [17] state that high recovery rates of non-permeated protein are closely related to its transport
through membrane pores, and are also favored by the enzyme concentration, since hydrolysis
increases permeation of protein. Guadix [49] reported that the soluble enzyme in MBR is not attached
on the membrane surface and do not improve the fouling. The soluble enzyme remains in contact
with the substrate, while the smaller products than the pore size of membrane permeate through the
membrane and also contribute to membrane internal fouling. Leindecker [50] found that a UF
membrane with a MWCO of 10 kDa presents higher rejection of milk proteins when compared to
membranes of 30 and 50 kDa, but the authors do not reported the effect of hydrolysed proteins on
this separation. Atra et al. [51] reported a range of 92% - 98% protein rejection with a membrane with
6-8 kDa of MWCO. We used an UF membrane with MWCO in a range of 30 — 80 kDa, and a lower
protein rejection, but the hydrolysis reduced the length of the proteins and we observed a higher
passage of them through the membrane.

Rombaut et al. [52] used UF (30 kDa) and MF (0.1 um and 0.2 pm) membranes for separation of
buttermilk. The protein rejection (82.5%) was similar to our work (87.55%). The researchers observed
arapid decrease in permeation due to the formation of a layer of polarization concentration, followed
by a slow reduction of permeate flux caused by an increase of phospholipids in this layer. As a
consequence, there was a strong fouling on the membrane surface.

Morin et al. [53] microfiltered buttermilk and reported that fouling agents as residual casein and
milk protein, small fat globules, ionic calcium and MFGM material push the casein aggregates on the
surface of the membrane, creating a porous layer that limits the permeation. We also observed a
strong decay in the permeate flux in the UF of buttermilk. In the UF of hydrolysed buttermilk, the
permeate flux was only 7% of the initial value and in the native buttermilk this percentage was 18%.
We theorized that small peptides pass through the asymmetric layer of the UF membrane and fouled
into membrane pores. This fact drives a stronger decay in the permeation.

Roesch and Corredig [54] recovered lipids from buttermilk by UF, and obtained an increase of
total lipid from 8% to 16% in the retenated. Barry et al. [29] hydrolysed buttermilk by the combination
of Neutrase and Alcalase and just Alcalase aiming to determine the best proteolytic enzyme to
separate the phospholipids. The authors conclude that a HD of 19% digests proteins buttermilk
sufficiently to allow permeation through a 50 kDa UF membrane, and thus recover the removed fats
to use the phospholipids. There was fat passage to the permeate, because there is free fats in the
buttermilk [55]. The free fats cannot be separated by skimming and the molecules are probably too
small to be removed by the UF membranes, and they will be into the permeate. These works aimed
to recovery the lipids, and the protein was not the aim of the studies. However, we observe that the
combination of Alcalase + Neutrase + UF in MBR configuration represents a compact way to recovery

d0i:10.20944/preprints202411.2398.v1
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peptides from buttermilk, and both streams retentate (with lipids) and permeate (with biopeptides)
can be used with improved biological value.

Small peptides have higher antioxidant activity. In Table 4 we predicted the size of peptides
using theoretical equations and we used the electrophoresis to help us to confirm the molar mass of
the peptides. Abdelmoneim et al. [56] performed electrophoresis in buttermilk and explained the
molecular markings in the following: a-lactoblobulin marks between 10 and 15 kDa; {3-lactoblobulin
is in range between 15 and 20 kDa; Caseins (3, a and k) are between 20 and 40 kDa. In addition, above
50 kDa there are the MFGM proteins (butyrophilin, xanthine oxidase and dehydrogenase).
Butyrophilin is a glycoprotein that represents more than 40% of the total protein mass of MFGM.
Xanthine oxidase represents 12% of the total protein mass. Electrophoretic band B in Figure 5 shows
that only the buttermilk protein still contains marks above 50 kDa and, thus, MFGM proteins with
mainly phospholipids. After enzymatic hydrolysis, proteins and caseins derived from MFGM are
hydrolysed in smaller peptides than 5 kDa and they are too small and, thus, cannot be retained in the
gel. Furthermore, maybe the smaller peptides than 5 kDa (Table 4) elute out of the gel during
electrophoresis, as also reported by Onay-Ugar et al. [45].

Electrophoresis showed that buttermilk contains proteins with different molecular masses, and
a stronger labeling of MFGM proteins (phospholipids). Britten et al. [46] reported that MFGM
proteins are responsible for 19% of the total protein in buttermilk, and Wong et al. [47] suggested that
there is a strong contribution of MFGM proteins to the antioxidant capacity of buttermilk. In addition,
native peptides from milk protein (a-lactalbumin and p-lactoglobulin) are also responsible for the
AA of buttermilk. Caseins are more antioxidants than whey proteins as they have ability to capture
iron and phosphoseril residues on the surface of casein micelles [25]. However, the reduction of molar
mass of the proteins releases free chains to capture radicals, and, thus, increases the AA.

The ALC varied according to the HD. Hydrolysis with Alcalase + Neutrase showed an ALC of
2.939. This value suggests that the peptides formed are bi and tri-peptides. Guadix et al. [49] reported
similar results: an ALC of 4.3 for a maximum DH of 23%, with 19.7% of the two peptides with a molar
mass between 1 kDa and 5 kDa. In addition, 79% of peptides have molar mass lower than 1 kDa.
Perea and Ugalde [58] also hydrolysed whey and they found 0.635 kDa and 4.2 for MMM and ALC,
respectively. Furthermore, 27% of two peptides have molar mass between 1 kDa and 3 kDa and 73%
were lower than 1 kDa. Therefore, our estimates are that the permeate from MBR has a low molar
mass, and, a higher biological activity than the native buttermilk protein.

A last observation is that the hydrolysis of the proteins from buttermilk and their separation in
a membrane bioreactor allows the use of the total content of protein from buttermilk (permeate and
retentate) as both streams have higher bioactivity (AA) than the native buttermilk. Additionally, the
retentate can be used for the valorization phospholipids, and total recovery of buttermilk in two high
biological value products.

5. Conclusions

Peptides of low molar mass and higher bioactive properties were obtained from buttermilk. The
permeate from the Membrane Bioreactor working with a combination of enzymes Alcalase and
Neutrase has shown antioxidant activity of 956 pumol TE/g protein whilst native buttermilk has 356
umol TE/g protein of antioxidant activity.

The use of buttermilk for the production of bioactive hydrolysed peptides can be an alternative
for the valorisation of this by-product. This can expand the dairy products with health benefits to the
consumer in the Latin industry.
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