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Physicochemical profile, amino acid, and flavors of probiotic yogurt
with the addition of nano ZnO food grade
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Yogurt is a functional food produced through milk fermentation by yogurt bacteria. The addition of Lactiplantibacillus
plantarum TIA-1A5 in the fermentation of yogurt yielding a yogurt probiotic has been shown to exhibit some functional
properties. The effects of adding ZnO on the overall properties of the yogurt are unknown. This study aimed to investigate
the effect of ZnO nanoparticles on the characteristics of conventional yogurt and yogurt probiotics. Four sets of yogurts
were prepared: conventional yogurt, yogurt with added ZnO, yogurt probiotic, and yogurt probiotic with added ZnO. Most
of the physicochemical properties of all yogurts were found to be comparable, except for fat and solid non-fat contents. The
addition of ZnO increased the total lactic acid bacteria (LAB) in the yogurt, but it apparently inhibited L. plantarum IIA-1A5
as indicated by a lower LAB population in the yogurt probiotic with added ZnO compared with the yogurt probiotic without
ZnO. However, the combination of L. plantarum I1IA-1A5 and ZnO in yogurt significantly enhanced the DPPH inhibition
activity. Additionally, the positive effects of ZnO were also observed on the total amino acid content, which significantly
modulate the flavor compounds. This indicates that, overall, ZnO contributed to the better characteristics of yogurts.

Keywords: yogurt; nanoparticle; functional food; ZnO.

Practical application: nano ZnO is applicable for improving the characteristics and functionality of yogurt.

1 INTRODUCTION

The safety and functional characteristics of agricultural
products, particularly livestock, are closely tied to agro-maritime
commodities that are competitive and meet the Sustainable De-
velopment Goals, which include zero hunger, health and welfare,
infrastructure, industry and innovation, and sustainable produc-
tion and consumption. Agro-maritime producers must prioritize
quality, quantity, and continuity to remain competitive in the
global market while also addressing functional and competitive
advantages, as well as food safety and environmental concerns.

To achieve smart animal farming, a branch of animal hus-
bandry that needs to be developed is prime meat, milk, and
egg production, which incorporates the recent technologies,
including omics and nanotechnology. Studies have shown that
probiotic yogurt has functional properties as an anti-diarrheal,
anti-hypertensive, anti-cholesterol, and anti-diabetic agent, as
well as inhibits the growth of colon cancer cells. To increase the
effectiveness of absorption of bioactive compounds in probiotic
yogurt, it is essential to improve its functional properties using
nanoparticle technology.

Nanomaterials with a size of approximately 1-100 nm have
unique properties compared with their macroscale counterparts
due to the high difference in surface-to-volume ratio and other
physiochemical properties such as color, solubility, strength,

diffusivity, toxicity, magnetic, optical, and thermodynamic,
which in turn could affect the food properties (Rai et al., 2009;
Gupta et al., 2016). Several studies have investigated the addi-
tion of nanomaterials to food systems, including yogurt. Some
reports indicate that the application of nanoparticles in food
processing can provide advantages such as improvements in
bioavailability, taste, texture, and consistency (Cientifica Report,
2006). Additionally, the application of nanoparticles has been
reported to increase the shelf-life of various food materials and
reduce the extent of wastage caused by microbial infestation
(Pradhan et al.,, 2015). Some nanoparticles that have been ap-
plied to food, including yogurt, are iron (Darwish et al., 2021;
El-Saadony et al., 2021), zinc oxide produced through bacterial
biosynthesis (El-Sayed et al., 2021), as well as various zinc com-
pounds such as oxides, acetate, sulfate, citrate, and gluconate
(Mishra et al., 2018). The process of adding these particles to
food, known as fortification, involves incorporating essential
components such as minerals, vitamins, and proteins to address
nutrient deficiencies in the human population. This approach
has been successful in correcting mineral deficiencies in humans
and has been implemented in Indonesia (Ariningsih, 2016;
Mishra et al., 2018). Zinc is one of the key nutrients, which is
often added to yogurt as a fortificant.

Several types of zinc minerals, such as oxide, sulfate, ni-
trate, gluconate, chloride, and stearate, have been developed
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as fortifying ingredients. Previous studies have shown that the
addition of zinc oxide and sulfate has good adsorption results in
food (Mishra et al., 2018). However, zinc oxide (ZnQO) is often
used because it is considered a GRAS (generally recognized as
safe) material by the US Food and Drug Administration (FDA)
(Kim et al., 2022).

Nanosized ZnO is easier to absorb by the gastrointestinal
tract due to its small size compared with its macroscale counter-
parts. Thus, they are more effective even at a lower dose (Feng
et al., 2009). Nano ZnO also has the added advantage of being
cheaper and more accessible, as they can be synthesized using
physical, chemical, or biological methods (Swain et al., 2016).
A previous study conducted by Santillan-Urquiza et al. (2017)
investigated the effect of adding ZnO nanoparticles to yogurt.
However, the study focused solely on the physical and sensory
properties of the yogurt. There has been no comprehensive inves-
tigation into the physicochemical profile, amino acids, flavor, and
sensory properties of yogurt fortified with ZnO nanoparticles.
Notably, the yogurt used in Santillan-Urquiza et al’s (2017) study
was produced solely by a combination of Lactobacillus delbrueckii
subsp. bulgaricus and Streptococcus thermophilus. Mega et al.
(2020) previously reported that using additional probiotics such
as Lactiplantibacillus plantarum or Lactobacillus acidophilus re-
sulted not only in a yogurt with better characteristics but also in
ahigher probiotic content. Arief et al. (2015) had previously iso-
lated local probiotics of L. plantarum IIA-1A5 and L. acidophilus
ITA-2B4, which were shown to be good probiotic supplements
for yogurt. The yogurt fortified with L. plantarum IIA-1A5 and L.
acidophilus IIA-2B4, in addition to L. delbrueckii subsp. bulgaricus
and S. thermophilus, is referred to as probiotic yogurt. However,
no studies have reported on the potential for further enhancing
this probiotic yogurt through the addition of ZnO.

Therefore, this study aims to investigate the effect of add-
ing ZnO nanoparticles on the physicochemical, amino acid,
flavor, and sensory profiles of probiotic yogurt. This study also
compares the characteristics of probiotic yogurt with those of
normal yogurt, which does not contain L. plantarum IIA-1A5
or L. acidophilus IIA-2B4. To the best of our knowledge, this is
the first study to investigate the fortification of probiotic yogurt
with ZnO nanoparticles, which may have promising applications
for yogurt manufacturers.

2 MATERIALS AND METHODS

2.1 Starter bacteria preparation for yogurt production

The bacteria utilized in this study included S. thermophilus
IFO 13957 and L. delbrueckii subsp. bulgaricus IFO 13953 which
were obtained from the Food and Nutrition Culture Collection
of Gadjah Mada University, Indonesia. In addition, the Indo-
nesian probiotics of L. plantarum I1IA-1A5 and L. acidophilus
ITA-2B4 were also used, which were from our own collection
culture (Arief et al., 2015). For the fermentation process, these
bacteria were prepared by inoculating the stock culture (10%)
into sterile milk, which was autoclaved at 115°C for 3 min.
The resulting product was incubated at 37°C for 18 h until
coagulation formed, yielding a culture (Lee & Lucey, 2010).

2.2 Yogurt productions

The production was based on Afiyah et al. (2022) with
some modifications. Briefly, the cow’s milk was subjected to
heating at 115°C for a duration of 3 min, and subsequently,
the temperature was lowered to 40-45°C. The milk was then
fermented by different combinations of starter cultures with or
without nano Zn, as treatments. The first treatment was fermen-
tation with S. thermophilus IFO 13957 and L. delbrueckii subsp.
bulgaricus IFO 13953 with the addition of ZnO nanoparticles
(yogurt + nano ZnO). The second treatment was fermentation
with S. thermophilus IFO 13957, L. delbrueckii subsp. bulgaricus
IFO 13953, L. plantarum 11A-1A5, and L. acidophilus 1TIA-2B4
without ZnO nanoparticles (yogurt + probiotic). The third
treatment was fermentation with sterile milk supplemented with
S. thermophilus IFO 13957, L. delbrueckii subsp. bulgaricus IFO
13953, L. plantarum IIA-1A5, and L. acidophilus I1A-2B4, with
the addition of ZnO nanoparticles (yogurt + probiotics + nano
ZnO). As a control, a normal yogurt was prepared by fermenting
the milk with a mixture starter of S. thermophilus IFO 13957
and L. delbrueckii subsp. bulgaricus IFO 13953, without ZnO
nanoparticles (yogurt).

2.3 Chemical composition analysis

A lactoscan milk (Model Lactoscan SL, Milkotronic Ltd, Bul-
garia) at the Animal Products Technology Laboratory was used to
analyze fat, protein, and water contents, according to the manu-
facturer’s protocol. For this purpose, a total of 20 mL of the yogurt
sample was prepared and then placed in a container. For the mea-
surement, cow’s milk was selected as a reference in the instrument.

2.4 Physical characteristic testing

2.4.1 pH value

To determine the pH value of the sample, a Schott pH me-
ter (Schott Instruments GmbH, Hertfordshire, UK) was used,
according to the manufacturer’s protocol. The electrode tip of
the tool was first calibrated with a buffer solution at pH 7-4.
After that, it was rinsed with distilled water and dried using a
tissue. A 10-mL sample was then prepared, and the meter was
immersed into the sample. The reading on the meter was allowed
to stabilize to obtain an accurate pH value.

2.4.2 a value

The a_value (water activity) in this study was determined
according to Meilanie et al. (2018) using an a_meter (Novasina
ms 1 Set-a_Novasina AG, Lachen, Switzerland). A yogurt sam-
ple was prepared based on the size of the chamber provided and
then inserted close to the top. The results were read by the tool,
and the values were allowed to stabilize (Meilanie et al., 2018).

2.4.3 Viscosity value

Viscosity value testing was carried out using a VT-04F Rion
viscometer (Japan), according to the manufacturer’s protocol.
A total of 150 mL of the sample was placed in a vessel, which
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has been prepared. Furthermore, the tool was installed above
the sample until it rotated and the results were displayed.

2.4.4 Value of total titrated acid

Titratable acidity was measured by the titration method
(SNI2981:2009). Adequate amounts of 0.1 N NaOH and phenol-
phthalein (PP) were used to conduct the complete acid titration
test. A 25-mL vessel was used to prepare the sample, to which
3-5 drops of PP were added. The sample was then exposed to
a 0.1 N NaOH solution until a color change occurred or the
pH reached neutrality. The total amount of acid was calculated
based on the Equation 1:

Acid amount (%) = (V.N.90)/W x 100% (1)

where:

V: volume of NaOH solution (mL);
N: normality of the NaOH solution;
90: lactic acid equivalent weight;

W: sample weight (mg);

2.4.5 Antioxidant activity

The experimental procedure was based on Aloglu and Oner’s
(2011) method for measuring the radical scavenging activity of
yogurt using the 2,2-diphenyl-1-picrylhydrazyl (DPPH) method. In
brief, 250 L of the samples were mixed with 3 mL of 60 uM DPPH
and ethanol, and their absorbance was measured at a wavelength
of 517 nm until it reached a constant value. A control solution was
also prepared, which included 250 UL of distilled water in place of
the extract. The results were calculated using the Equation 2:

%inhibitor = {(A517 Control — A517 Extract)/A517 Control} x 100% (2)

2.5 Amino acid testing

2.5.1 Sample preparation

The protein content of the sample was analyzed using the
Kjeldahl method. To do so, 6 mg of protein was placed in a
screw tube and mixed with 2 mL of 6 N HC. The tube was then
purged with nitrogen gas for 0.5-1 min and immediately sealed.
Next, the tube was heated to 110°C and left for 24 h to complete
the hydrolysis stage. After cooling the sample to room tempera-
ture, the solution was transferred to a rotary evaporator flask.
The tube was rinsed 2-3 times with Aquadest, and the rinsing
solutions were added to the flask. The samples were then dried
using a rotary evaporator and made up to a volume of 10 mL
with 0.01 N HC], ready for analysis using HPLC.

2.5.2 Reagent preparation

To prepare the OPA reagent, a stock solution was first made
by mixing 25 mg of OPA with 2 mL of methanol, 0.020 mL of
mercaptoethanol, 0.050 mL of 30% Brij-30 solution, and 0.5
mL of 1 M borate buffer at pH 10.4. The solution was gently
shaken to mix the ingredients. The resulting reagent was stored
in a dark-colored bottle at 4°C and remained stable for 5 days.
For daily use, the derivatization reagent was freshly prepared
by mixing one part of the stock solution with two parts of po-
tassium borate buffer at pH 10.4.
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2.5.3 Mobile phase preparation and HPLC parameters

To prepare Buffer A, Na acetate (pH 6.5) was added at a
concentration of 2 g (0.02%), along with 0.5 g of Na-EDTA
(0.005%), 90 mL of methanol (9.00%), and 15 mL of THF
(1.50%) in 1 L of HP water. The solution was filtered through
a 0.45-um millipore paper and allowed to stabilize for 5 days
in a dark-colored bottle filled with He or nitrogen gas at room
temperature. Buffer B was prepared by mixing 95% methanol
and HP water, and the resulting solution was filtered through
a 0.45-um millipore paper. This solution is expected to remain
stable indefinitely. The HPLC conditions were set as follows: the
column was Thermo Scientific ODS-2 Hyersil, the mobile phase
flow rate was 1 mL/min, and the detector was Fluorescence.
The mobile phase consisted of a mixture of Buffer A and Buffer B.

2.6 Amino acid analysis

After hydrolyzing the sample in 10 mL of 0.01 N HCI, the
solution was dissolved and filtered with a millipore paper. It
was then added to potassium borate buffer with a pH of 10.4
in a 1:1.3 ratio. Next, 5 UL of the resulting solution was trans-
ferred to a clean vial, and then 25 pL of OPA reagent was added.
The mixture was left to complete the derivatization process for 1
min. Subsequently, 5 UL of the sample was injected into the HPLC
column and allowed to run until the separation of all amino acids
was complete. The entire process took 25 min to complete.

2.7 Metabolite profiling using GC-MS

A total of 1 UL of the sample was injected with the Agilent
7683 autosampler in split-less mode onto a DB-5MS GC cap-
illary column (Agilent Technologies, 60 m x 0.250 mm x 0.25
um; Agilent 7890 GC) coupled to a 5975 mass selective detector
(Agilent Technologies, Palo Alto, CA, USA) with an electron
ionization ion source, which was set at 230°C. Furthermore, the
inlet temperature was set at 250°C, while that of the oven was
50°C for 2 min. The subsequent temperature gradient was 5°C
per minute until a final of 315°C was obtained and held for 3 min.
Each sample was run in duplicates beginning with a blank sample
consisting of 200 LLL of methanol. Additionally, ultra-pure helium
gas (Stillwater Steel, Stillwater, OK) was used as a mobile phase,
and mass spectra ranging from 50 to 650 m/z were recorded.

2.8 Principal component analysis for the flavor compounds

The Unscrambler X 10.4 (CAMO Analytics, Oslo, Nor-
way) was used to perform principal component analysis (PCA).
The peak area values of the 51 identified compounds were
considered variables. The data were imported into Excel and
preprocessed by performing centering and scaling on the result-
ing data. The results were then grouped using PCA to obtain a
minimum of 70% for both principal components.

2.9 Data analysis

A randomized block design with five biological replications
was used in the study. The data are presented as the mean with
standard deviation. Differences among the means were exam-
ined using analysis of variance along with Tukey’s post-hoc test.
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3 RESULTS AND DISCUSSION

The ZnO used in this research is commercial food grade
nano ZnO. Typically, ZnO nanomaterials come in various
shapes such as nanorods, nanospheres, nanowhiskers, flow-
er-like structures, agglomerated structures, and other structures,
as reported by several researchers (Alfarisa et al., 2018; Venu
Gopal & Kamila, 2017). The final concentration of yogurt with
the addition of ZnO nanoparticles in this study was 3 mg/200
mL yogurt, which is within the safe limit for human consump-
tion based on the Recommended Dietary Allowance (RDA).
The RDA recommends a maximum daily consumption of 40
mg/day, with an average requirement of 9 mg/day (Mishra
et al., 2018). To determine the effect of the addition of ZnO
nanoparticles on yogurt, several types of tests were conducted,
including physical and chemical evaluations. The physical and
chemical characteristics of the yogurt product were assessed
by determining the value of a, pH, total titrated acid (TTA),
viscosity, as well as the fat, protein, and water content.

3.1 Physicochemical characteristics

The physical characteristics that were measured in this
study included water activity (a,), pH, TTA, and viscosity.
The results showed that the a  values ranged from 0.904 to 0.906.
Asyogurtis aliquid product, it typically has a relatively higha_
value. However, the a_ values obtained in this study were still
within the acceptable range for food quality, as they were below
the recommended maximum of 0.95 by the IFT/FDA (2001).
The viscosity of the probiotic yogurt was found to be affected
by the type of bacteria inoculated, while the addition of ZnO
nanoparticle did not have any significant impact on the viscosity
of the product. Yogurt inoculated with only S. thermophilus
IFO 13957 and L. delbrueckii subsp. bulgaricus IFO 13953 had
lower viscosity compared with other samples. The acidity of
the product was primarily caused by the release of lactic acid
into the medium by lactic acid bacteria (LAB) (Santillan-Ur-
quiza et al., 2017). Both the pH and TTA of the samples were
measured, and it was observed that the yogurt without ZnO
nanoparticle tended to be more acidic, as indicated by its lower
pH and higher amount of lactic acid. However, the addition of

ZnO nanoparticle was found to reduce the acidity in the yogurt,
as shown in Table 1.

Table 1 revealed that there were no significant differences in
the lactose content among all the samples, which is consistent
with the pH and total titratable acids data. This suggests that the
yogurt starters used in all samples have a similar fermentation
rate for lactose. The variations in pH and total acids, resulting
from the formation of lactic acid during lactose fermentation,
indicate differences in the fermentation rates. Moreover, the
study suggests that ZnO has no impact on the lactose fermen-
tation rate. This is noteworthy as previous research by Boyaval
(1989) reported that Zn had an inhibitory effect on lactic acid
fermentation by LAB. However, the absence of any negative
effects in this study confirms that ZnO is safe for LAB metabo-
lism. Another interesting finding is that there were no significant
differences observed in the protein content of all the samples
(Table 1). This suggests that the ZnO did not interfere with the
protein metabolism of the yogurt starters. According to Savijoki
et al. (2006), the proteolytic system of LAB plays a vital role in
casein utilization, providing cells with essential amino acids
during growth in milk. This system is also significant in the
development of the organoleptic properties of fermented milk
products and has industrial importance.

The fat concentration in yogurt is relatively low, typically
ranging from 1 to 1.4%, owing to the use of low-fat milk in the
formulation. Furthermore, the addition of ZnO nanoparticle
has been found to decrease its concentration in the products.
Meanwhile, the water content of the yogurt was measured by
determining the solid non-fat/SNF and fat content, thereby
enabling the determination of the total solids. A higher total
solids content is associated with lower water content, which
can significantly influence the physical properties of the yo-
gurt, such as its thickness and texture. However, the addition
of ZnO nanoparticle has been found to decrease the SNF and
fat content, leading to a higher volume of moisture. Syneresis
is a common phenomenon of phase separation in suspension
that occurs in dairy products. In this regard, the addition of
zinc has been shown to increase the syneresis value, which may
explain the increase in water content observed in the yogurt, as
reported by Santillan-Urquiza et al. (2017). It is worth noting

Table 1. Physicochemical, microbiology, and antioxidant activity of the yogurts.

Yogurt Yogurt + Zn nano Yogurt+probiotics Yog:::;—(}: rzolll)g)tlc
pH 4.1510.024 4.1610.005 4.1710.44 4.1810.13
a, 0.87010.017 0.87110.004 0.86610.33 0.87110.14
TAT (%) 10.6310.023 10.3740.002 10.4610.27 10.2310.06
Viscosity (dPas) 2.2610.023 2.2510.004 2.4310.43 2.4240.07
Lactose (%) 4.0910.05 4.0910.05 410.03 4.0210.07
Protein (%) 2.73240.042 2.73240.046 2.682140.039 2.68510.044
Fat (%) 3.724+0.14* 3.56+0.1° 3.65+0.19 3.740.11*
Solid nonfat (%) 7.4910.1* 7.4710.09 * 7.29£0.06 ° 7.31£0.12°
Salt (%) 0.61+0.01 0.61+0.01 0.59+0.005 0.59+0.009
Density 26.0510.34 26.0610.38 25.49+0.32 25.4710.4
Total lactic acid Bacteria (log cfu/mL) 9.39+0.22 ¢ 9.96+0.33° 11.0240.30 © 9.3440.32 ®
Inhibition of DPPH (%) 86.3610.18° 84.85+0.46 ° 87.14+0.49 ¢ 88.24+0.62 ¢

*Different letters following the means in the same row indicate the significant difference (p<0.05).
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that the greater syneresis observed in the yogurt containing ZnO
nanoparticle may have resulted in reduced consumer acceptance.
However, this study did not conduct sensory tests to address this
issue. Nevertheless, Bierzuniska et al. (2019) have shown that sy-
neresis does not affect sensory acceptance according to a panel.
Their study demonstrated that yogurt with and without syneresis
had similar sensory qualities. Therefore, whether the yogurt
with ZnO nanoparticle has any sensory issues remains to be
investigated experimentally. Additionally, El-Sayed et al. (2021)
revealed that the addition of ZnO can increase the amount of
protein, fat, ash, and dry matter compared with the control.

Furthermore, Table 1 shows the total LAB population
in all yogurts containing ZnO was higher than that of nor-
mal yogurts. However, yogurt + probiotics without ZnO ex-
hibited a higher LAB population. This suggests a few things.
First, the LAB used in yogurt fermentation was not affected by
Zn toxicity. As reported by Yusof et al. (2020), several LAB have
developed mechanisms to tolerate Zn** by preventing their tox-
icity and the production of ZnO nanoparticle. Second, adding
L. plantarum IIA-1A5 to yogurt was able to increase the LAB
population, but the susceptibility of this bacterium to ZnO is
apparently higher than that of S. thermophilus IFO 13957 and
L. delbrueckii subsp. bulgaricus IFO 13953. This explains why
the LAB population in yogurt + probiotics + ZnO was lower
than in yogurt + probiotics samples.

The inhibition of DPPH activity was also measured for
four different samples as shown in Table 1. The results revealed
that the highest inhibition of DPPH activity was observed in
the yogurt samples with L. plantarum IIA-1A5, both with and
without ZnO (88.24 and 87.14%, respectively). On the other
hand, the lowest DPPH activity was observed in the yogurt
sample with ZnO. These findings suggest that the addition of
L. plantarum IIA-1A5 to yogurt may have a positive impact on
its antioxidant properties, which is consistent with previous
research that has demonstrated the antioxidant potential of L.

Table 2. Total amino acids.

plantarum (Kachouri et al., 2015). The lower DPPH activity in
the sample of yogurt with ZnO suggests that ZnO may inhibit
the antioxidant activity of S. thermophilus IFO 13957 and L.
delbrueckii subsp. bulgaricus IFO 13953. Perna et al. (2014)
noted that the antioxidant activity of yogurt is influenced by
bacterial fermentation, which leads to the release of several
bioactive peptides. The relationship between antioxidant activity
and the concentration of low-molecular-weight peptides has
been reported in many studies.

3.2 Amino acid composition

To determine the percentage and score of different types
of amino acids, the composition of the sample was subjected
to testing. The types and percentages of amino acids are pre-
sented in Table 2, while the corresponding scores are shown in
Table 3. Based on the total number of amino acids, it was ob-
served that the yogurt sample containing ZnO had a higher total
amino acid content (3.11%) compared with the other samples.
The sample of yogurt enriched with both probiotics and ZnO
had a similar total amino acid content to the control yogurt,
but significantly higher than the total amino acids in the yogurt
enriched with only probiotics. This indicates a few things: the
addition of another probiotic (L. plantarum I1A-1A5) during
fermentation did not contribute to the total amino acid content
and ZnO has a significant effect on increasing the total amino
acid content in the yogurt enriched with L. plantarum IIA-
1A5. Interestingly, in human studies, ZnO has been shown to
increase amino acid metabolism (Zhang et al., 2018). Applying
this idea to the yogurt, it is possible that the ZnO also plays a
role in increasing the amino acid content of the LAB, although
this remains to be experimentally confirmed. Further analysis
of the amino acid score showed that all samples had zero scores
for tryptophan, as shown in Table 3. Moreover, high scores for
the essential amino acids, namely, valine and phenylalanine +
tyrosine, were observed in all samples.

Parameters Result (%w/w)
Amino Acids Yogurt Yogurt + nano ZnO Yogurt + probiotis Yogurt + probiotics +
nano ZnO
Aspartic acid 0.24£0.007® 0.26+0.007° 0.21+0.007¢ 0.22£00
Glutamic acid 0.69£0.021® 0.72+0.007° 0.60£0.021¢ 0.6310.014%
Serine 0.1620.007 0.174£0.014 0.14+0.007 0.17£0.007
Histidine 0.08+0 0.08+0 0.07£0.007 0.08%0.007
Glycine 0.0740.007 0.07£0.007 0.0610 0.07£0.007
Threonine 0.1240%* 0.14+0.007° 0.1140.007° 0.12+0.007*
Arginine 0.1140.007 0.11+0 0.10£0.007 0.11£0.007
Alanine 0.1240.007 0.1340.007 0.1140.007 0.12+0
Tyrosine 0.1510%* 0.1740.007° 0.1410.007° 0.15+0*
Methionine 0.05£0° 0.08%+0.007* 0.050° 0.050°
Valine 0.2010.007* 0.21+0° 0.18+0.007° 0.19£0.007°
Phenylalanine 0.16£0* 0.19£0° 0.14£0.014° 0.16%0.007°
I-Leucine 0.16+0 0.1740.007 0.14+0 0.15%£0.014
Leucine 0.31£0.021*® 0.33+0.007* 0.27+0° 0.29£0.007*
Lysine 0.34+0.021 0.33£0.014 0.3240.035 0.3240.042
Total amino acids 2.9240.085® 3.11+0.01° 2.58+0.071¢ 2.80£0.106°

*Different letters following the means in the same row indicate the significant difference (p<0.05).
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3.3 Volatile/flavor components

Prior to conducting PCA grouping, preprocessing of the
peak area values for the 51 identified compounds was per-
formed, as presented in Table 4. The preprocessing method
utilized was automatic center and scale calibration, with the
center transformation employing the average value and the
scale utilizing the standard deviation. The objective of automatic
scaling is to establish a dataset with improved distribution. Addi-
tionally, PCA is frequently utilized to summarize complex data,
allowing for the visualization of the diversity of variance and
differentiation of the sample from others. In this analysis, clus-
ter formation on a specific PC is the most influential function
(Hasan and Abdulazeez, 2021). The PCA score plot displays the
grouping of each sample based on the variable chromatogram

Table 3. Amino acid chemistry score.

peak area. Typically, Components 1 (PC1) and 2 (PC2) are
employed in PCA (Jollife and Cadima, 2016). The score plot
acquired in this study exhibited a data diversity of 65% from
the two PCs, indicating that 65% of the data’s variability can be
explained by the chromatogram peak area variable. The values
of the two PCs suffer from poor two-dimensional visualization
due to the diversity of PC1 and PC2 being less than 70%.

Figure 1 illustrates that all samples cannot be appropriately
grouped, as the closer one group is to another, the greater the
similarity of existing metabolite compositions. The inability
to properly explain the grouping of the ST-LB-LP-LA sample
(yogurt + probiotics) from the PCA predictions is suspected
to be due to several similarities in the composition of the same
metabolites between these samples and the ST-LB-LP-LA-ZnO

Amino acid chemistry score

Essential amino acids

Yogurt + probiotics +

Yogurt Yogurt + nano ZnO Yogurt + probiotics nano ZnO
Isoleucine 76 81 67 71
Leucine 56 60 49 53
Lysine 35 35 33 33
Methionine + cysteine 7 12 7 7
Phenylalanine + tyrosine 94 100 85 94
Threonine 13 15 12 13
Tryptophan - - - -
Valine 100 100 100 100
Table 4. List of compounds that were identified in GC/MS.

Compounds Code Compounds Code
1-Methoxyacetone 1 Butanoic acid 26
2-Acetylpropane 2 Butylated hydroxytoluene 27
2-Butyne, 1-methoxy- 3 Capric acid 28
2-Furanmethanol 4 Caproic acid 29
2-Heptanol 5 Caprylic acid 30
2-Heptanol, 6-methyl- 6 Cyclobutanol 31
2-Heptanone 7 Eugenol 32
2-Nonanol 8 Furan, 2-pentyl- 33
2-Nonanone 9 Furan, tetrahydro-2,5-dimethyl- 34
2-Pentanol 10 Isobutyl methyl ether 35
7-Pentanone 1 Is.opropyl ethoxyacetate 36
2-Propanol, 1-ethoxy- 12 Limonene 37
2-Tridecanone 13 Methyl glyoxal 38

Naphthalene 39
2-Undecanone 14 Octane, 4-ethyl- 40
3-Ethylcyclobutanone 15 Oxime-, methoxy-phenyl- 41
3-Heptanol 16 p-Methoxybenzyl azidoformate 42
3-Hydroxybutanal 17 sec-Isoamyl alcohol 43
3-Pentanol, 2-methyl- 18 Undecane, 5,5-dimethyl- 44
4-Penten-2-ol 19 o.-Pinene 45
4-Pentenal, 2-methyl- 20 o-Terpinene 46
Acetic acid 21 o-Terpineol 47
Acetoin 22 a-Terpinolene 48
Benzene, 1,2-dichloro- 23 B-Cymene 49
Benzeneacetaldehyde 24 v-Terpinene 50
Benzoic acid 25 v-Undecalactone 51
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sample (yogurt + probiotics + ZnO). This possibility can be
eliminated by developing a database, which would enable more
variables to be explained through PCA. Furthermore, it would
facilitate better preprocessing searches or testing through
PLS-DA, thereby making correlations and groupings more
visible. However, further studies are required to analyze the
effect of adding zinc to yogurt. Another output from PCA, in
addition to the score plot, is the biplot. The biplot on PCA is
a combination of the score and loading plots, and it explains
the identifying variables in the main components. The loading
plot indicates the measurement variables used, namely, the
peak area. Influential parameters can be determined by their
proximity to the sample grouping (Jollife and Cadima, 2016).
Compound numbers 21, 46, and 8 had a significant effect on
the ST-LB-Zn sample (yogurt + ZnO), while for the ST-LB
(yogurt) sample, the volatile compound variables that had
a major impact were 19, 24, 29, and 38. For the ST-LB-LP-
LA-Zn sample, the influential compounds were 6, 22, and 11.
However, for the ST-LB-LP-LA sample, influential compounds
cannot be accurately predicted, as further treatment for their
grouping is still required, as shown in Figure 2.

PC-2 (30%)

A4 02 0 8 6 4 2 0 2 4 6 B 10 12 M
PG-1(35%)

& ST-LB-LP-LA

B ST-LB+Zn @ ST+B ST-LB-LP-LA-Zn

Figure 1. Plot of PCA scores from PC1 and PC2 samples ST-LB-Zn ( ),
ST-LB ( ), ST-LB-LP-LA ( ), and ST-LB-LP-LA-Zn ( ).
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Figure 2. PCA biplot of the sample.
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4 CONCLUSION

This study demonstrated that the use of nano ZnO was
able to improve the characteristic of the yogurt, particularly in
the total LAB and amino acid content, and modulate the flavor
compounds, leading to better characteristics of the yogurt. The
functionality of yogurt was also increased by the addition of
ZnO0, in particular for its antioxidant activity. However, caution
should be taken when adding zinc to yogurt probiotic as it may
inhibit additional probiotic added into the product.
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