
Journal of Food and Nutrition Research (ISSN 1336-8672)	 Vol. 56, 2017, No. 4, pp. 305–317

© 2017 National Agricultural and Food Centre (Slovakia)	 305

Mulberry belongs to the genus Morus from 
the Moraceae family and has been reported to be 
used in Chinese traditional medicine in the treat-
ment of fever, diabetes, obesity, blood pressure, 
urinal disorders, protection of liver from damage, 
atherosclerosis, inflammation, and to strengthen 
body joints among others [1]. In recent years, 
mulberry-derived products (jams, jellies, wine, 
juice and dried fruits) have been developed and 
commercialized in order to preserve [2] its health 
benefits, which are associated with its rich phyto-
chemical properties [1]. 

Lactic acid fermentation could be possible 
means to process and commercialize mulberry 
fruit products, since the process is considered 
cost-effective, energy-efficient and a valuable 
biotechnology that contributes to the microbial 
safety, organoleptic and nutraceutical properties 
of foods [3]. Besides, its application in the fruit in-

dustry has been reported as the easiest and utmost 
approach to help increase consumers’ consump-
tion of fruits [4]. Different strains of lactic acid 
bacteria (LAB) have been isolated and/or used in 
fruit fermentation [4, 5]. Various LAB have the 
ability to enhance the polyphenol and volatile pro-
file of foods during fermentation [6–9]. Polyphe-
nols are active ingredients found in many medici-
nal plants that control wide range of enzymatic 
activities and cell receptors. Besides, the health 
benefits of polyphenols depend on the amount 
consumed and on their bioavailability [10]. Fur-
thermore, polyphenols are known to have an im-
pact on sensory qualities of products [11]. As re-
ported previously, LAB strains can significantly 
alter the volatile profile of fermented beverages 
due to their ability to produce diverse enzymes 
[12]. LAB have been employed to produce various 
fermented foods such as wine, yoghurt, kefir, 
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sonicated for 15 min at a frequency of 34 kHz, 
power of 60 W and pulse duration of 10 s on and 
5 s off. These conditions, according to Engmann 
et al. [14], allow for microbial safety. The samples 
were centrifuged (Avanti J-25, Beckman Coulter) 
at 24 000 ×g for 15  min at 4 °C. The individual 
inoculants (Lb. plantarum, Lb. acidophilus and 
Lb. paracasei) were inoculated into three separate 
Erlenmeyer flasks (500 ml) containing 200 ml of 
the clarified juice. Samples were kept in a rotary 
incubator (IS-RDD3; Crystal Technology and In-
dustries, Jiangsu, China) at 150 ×g and 37 °C for 
36 h. The lactic acid fermented juice (LFMJ) sam-
ples were sterilized by ultrasonication as described 
previously. The control was mulberry juice treated 
under the same conditions but without LAB. 

Microbiological analysis
The population dynamics of microorganisms 

was monitored in the samples at different times 
(0, 3, 6, 12, 18, 24, 30 and 36 h) during incubation. 
Specifically, fermented samples (1 ml) were asep-
tically transferred to 9 ml sterile distilled water. 
The resulting suspensions were serially diluted in 
the same diluent and 1 ml of the sample of the 
appropriate dilution pour-plated on MRS agar. 
Plates were incubated at 37 °C for 48 h and colony 
forming units estimated.

Determination of pH, titratable acidity and total 
soluble solids

Changes in pH and titratable acidity (TA) ex-
pressed in gram of lactic acid per litre of ferment-
ed juice were determined according to Nielsen 
[15] using PHS-3C Precision pH/mV meter (LIDA 
Instrument, Shanghai, China). Total soluble solids 
(TSS) were determined using digital refractometer 
(Beijing Yaxingtai Electrical Equipment, Beijing, 
China).

Total phenolic concentration 
Total phenolic concentration (TPC) was de-

termined by Folin-Ciocalteu method as described 
by Figueroa et al. [16] with some modifications. 
Briefly, 200 μl of the samples, 2 ml Folin-Ciocalteu 
reagent (Shanghai Labaide Biotechnology, Shang-
hai, China) and 2 ml of sodium carbonate (75 g·l-1) 
were dispensed into a  test tube and vortexed for 
15 s. The mixture was allowed to stand at 25 °C 
for 20 min, after which absorbance was measured 
at 760 nm using UV spectrophotometer (Model 
UV-1600; Beijing Rayleigh Analytical Instrument, 
Beijing, China). TPC was expressed in terms of 
milligram of gallic acid equivalent per millilitre of 
juice.

cheese and several others. However, to the best 
of our knowledge, there is no comprehensive 
study on lactic acid fermentation of mulberry fruit 
juice. Hence, understanding the alterations that 
polyphenolic and volatile compounds undergo 
during lactic acid fermentation would be very use-
ful in the production and quality assessment of fer-
mented beverages.

In view of this, the study aimed at investigat-
ing the effect of lactic acid fermentation on phy-
tochemical, volatile and sensory characteristics of 
mulberry juice.

Materials and methods

Materials
Tái wān 1 háo (Morus nigra) was obtained from 

a farm in Zhenjiang, Jiangsu Province, China. 
Pectinex UF was obtained from Novozymes 
(Bagsvaerd, Denmark), Lb. plantarum (ATCC 
SD5209), Lb. acidophilus (ATCC SD5212) and 
Lb. paracasei (ATCC SD5275) were purchased 
from DuPont China (Shanghai, China). DeMan, 
Rogosa and Sharpe (MRS) broth and MRS agar 
were purchased from Sigma-Aldrich (St. Louis, 
Missouri, USA), pure volatile standards from 
Sigma-Aldrich. Analytical grade chemicals were 
purchased from Sinopharm Chemical Reagent 
(Shanghai, China).

Starter culture preparation
LAB strains were activated by culturing in 

MRS broth at 37 °C for 18 h and sub-cultured 
twice in MRS broth for 24 h at 35 °C. Thereafter, 
the cultures were centrifuged (Anke KA – 1000; 
Beckman Coulter, Brea, California, USA) at 
2 000 ×g for 10 min. The microbial cells were har-
vested and washed using 0.1% sterile NaCl. A he-
mocytometer version XB-K-250 (Jianling Medical 
Device, Danyang, China) was used to estimate the 
inoculum concentration. The inoculum was adjust-
ed to 107 CFU·ml-1 using sterile distilled water.

Beverage formulation and fermentation
Frozen mulberry fruits were thawed at 4 °C for 

8 h and macerated using Hurom slow juicer (Ro-
land Products, Los Angeles, California, USA). 
Subsequently, ascorbic acid (1  g·kg-1) was added 
to minimize oxidation and the must was treated 
with Pectinex UF enzyme (0.01 l·kg-1, Novozymes) 
according to the method described by Tchabo 
et al. [13] with slight modification. Briefly, four 
samples made up of 350 g must and enzyme were 
each put into 500 ml Erlenmeyer flask and im-
mersed in ultrasonic bath (20 °C). Samples were 
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Total anthocyanin concentration
The pH differential method described by 

Tchabo et al. [17] was employed in the determina-
tion of the total anthocyanin concentration (TAC). 
Briefly, two buffer solutions, KCl (0.25 mol·l-1) 
at pH 1 and CH3COONa (0.4 mol·l-1) at pH 4.5 
were prepared. A volume of 100 µl of the sample 
was dispensed into two sets of tubes. One set of 
the sample was adjusted to 10 ml with KCl buffer 
while the the other set with CH3COONa solution. 
Absorbance was measured at 510 nm and 700 nm 
using UV spectrophotometer (UV-1600) against 
a blank (water and reagents). TAC was calculat-
ed using the following equation and expressed as 
equivalent of milligram of cyanidin 3-glucoside per 
millilitre of juice:

𝑇𝑇𝐴𝐴𝐴𝐴 =  [(𝐴𝐴1 − 𝐴𝐴2) − (𝐴𝐴3 − 𝐴𝐴4)] ×
𝑀𝑀𝑀𝑀 × 𝐷𝐷𝐷𝐷 × 102

ɛ × 𝐿𝐿  
	
(1)

where A1 is absorbance at 510 nm at pH 1.0, A2 is 
absorbance at 700 nm at pH 1.0, A3 is absorbance 
at 510 nm at pH 4.5, A4 is absorbance at 700 nm at 
pH 4.5, MW is molecular weight of cyanidin-3-glu-
coside (449.2 g·mol-1); DF is dilution factor (100); 
L is path length (1 cm); ɛ is molar extinction coef-
ficient for cyanidin-3-glucoside (26 900 l·mol-1·cm).

Total flavonoid concentration
The total flavonoid concentration (TFC) was 

determined using aluminium chloride colorimetric 
assay as described by Tchabo et al. [13] with slight 
modifications. The juice (1 ml) was diluted with 
4 ml of distilled water, after which 0.3 ml NaNO2 
(50 g·l-1) was added and vortexed for 1  min. The 
mixture was allowed to stand for 5 min, after 
which 1 ml of AlCl3 (100 g·l-1) was added, mixed 
and allowed to stand for another 5 min. After-
wards, 2 ml NaOH (1 mol·l-1) was added and the 
final volume was adjusted to 10 ml with 2.4 ml 
distilled water. The mixture was allowed to stand 
at 25 °C for 10  min with 2  min periodic shaking. 
The absorbance of the mixture was measured at 
510 nm using UV spectrophotometer (UV-1600). 
TFC was expressed as milligram of rutin equiva-
lents per millilitre juice.

Volatile compounds analysis
The analysis of volatile compounds was per-

formed using the headspace gas chromatography-
mass spectrometry method.

Solid phase micro-extraction
Extraction of the volatile compounds was 

performed using the method described by Zhu 
et al. [18] with slight modifications. Briefly, 1.5 g 
of NaCl was added to 5 ml of the sample in a 15 ml 

glass vial to enhance extraction efficiency. Mixture 
was spiked with 10 µl 2-octanol (800 µg·l-1) as an 
internal standard. Vial was sealed with silicone 
septum and the mixture was equilibrated at 40 °C 
for 20 min. A 50/30 μm divinylbenzene/carboxen/
polydimethylsiloxane fibre (Supelco, Bellefonte, 
Pennsylvania, USA) was exposed to the head-
space for 30 min at 40 °C with continuous stirring 
at 2.5 Hz. Thereafter, the fibre was removed and 
desorption was carried out by inserting the fibre 
into the injection port of the Agilent 6890N-5973B 
gas chromatograph (Agilent Technologies, Santa 
Clara, California, USA) coupled with a mass spec-
trometer detector (MSD) for 5 min at 250 °C.

Gas chromatography analysis
Separation of the volatile compounds was per-

formed with Agilent J&W DB-WAX gas chro-
matography (GC) column, 60 m × 0.25 mm × 
0.25 µm film thickness (Agilent Technologies, 
Santa Clara, California, United States). The chro-
matographic conditions were set slightly differ-
ent from those of Butkhup et al. [19]. They were 
as follows: injection mode was splitless, injec-
tion temperature was 250 °C, carrier gas was He 
at 1  ml·min-1, detectors temperature was 250 °C, 
temperature program was 50 °C for 10 min, in-
creased to 150 °C at 6 °C·min-1, then raised to 
200 °C at 8 °C·min-1 and held for 7 min, mass spec-
trometry (MS) scan range was 33–350 atomic mass 
units (AMU), energy was 70 eV, source tempera-
ture was 230 °C and quadrupole temeprature was 
150 °C.

Identification and semi-quantification of volatile 
compounds

The identification of volatile compounds was 
performed with MSD and was based on compari-
son of the GC retention times with those obtained 
at the same chromatographic conditions and the 
mass spectra with library databases (Wiley Spectral 
Library and NIST Library 2005 v 2.0, National In-
stitute of Standards and Technology, Gaithersburg, 
Maryland, USA). The linear retention indices (RI) 
of the compounds were calculated using a  series 
of n-alkanes (C5-C25) run under same conditions 
using the expression of Bianchi et al. [20]. Semi-
quantification of the volatile compounds was car-
ried out by the internal standard technique using 
MSD. The concentrations were estimated from 
the peak area of the total chromatographs as a 
ratio of the target ion of the individual volatile 
compound with reference to the spiked internal 
standard. The odour activity value (OAV) for each 
volatile compound was calculated by dividing the 
concentration by odour threshold [21].
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Sensory analysis
The sensory analysis was conducted using 

27 untrained panellists (14 males and 13 females) 
made-up of students and staff of the School of 
Food and Biological Engineering (Jiangsu Uni-
versity, Zhenjiang, China). The panellists were 

presented with coded samples and water (to rinse 
their mouth after tasting each sample). Each panel 
evaluated samples (10 ml) for colour, taste, aroma, 
mouthfeel, flavour and overall acceptability using 
a 9-point hedonic scale (1 = dislike extremely; 2 = 
dislike very much; 3 = slightly dislike; 4 = dislike 
5 = neither like nor dislike, 6 = like; 7 = slight-
ly like; 8 = like very much; 9 = like extremely) 
according to the sensory analysis guidelines [17]. 

Statistical analysis
All treatments and analyses were carried out in 

triplicates and results were presented as mean ± 
standard deviation. The analysis of variance 
(ANOVA) was performed using OriginPro version 
2015 (OriginLab, Northampton, Massachusetts, 
USA). The means were compared at P < 0.05 sig-
nificance level using Tukey’s test. The Radar plot 
was created using OriginPro version 2015 (Origin-
Lab). Principal components analysis (PCA), par-
tial least squares regression (PLSR) and principal 
component regression (PCR) were performed 
using XLSTAT 2016 software (Addinsoft, Paris, 
France). 

Results and discussion

Microbial growth and physico-chemical kinetics 
during fermentations

The microbial growth, pH and TA during the 
fermentation of the mulberry juice are shown 
in Fig. 1. The results showed that mulberry 
juice was suitable for the growth of all the LAB 
(Fig. 1A). The growth curves of the different LAB 
(Lb. plantarum, Lb. acidophilus and Lb. paracasei) 
(Fig. 1A) demonstrated similar growth capacities 
in the sample at 37 °C with exponential growth 
occurring between 6 h and 12 h of incubation. It 
was however observed that Lb. plantarum grew 
better (to 7.63 ± 0.04 log CFU·ml‑1) than Lb. aci-
dophilus (to 7.50 ± 0.05 log CFU·ml‑1) or Lb. pa-
racasei (to 7.42 ± 0.05 log CFU·ml‑1) after 36 h of 
incubation. 

Acidification of the juice, as a result of acid 
production during growth, was considerable for 
all the LAB, as they lowered the pH values to 
less than 3.6 after 36 h of incubation (Fig. 1B). 
However, Lb. acidophilus showed higher acidifica-
tion with a pH value of 3.50 ± 0.04 after 36 h of 
incubation, whereas those of Lb. plantarum and 
Lb. paracasei were 3.52 ± 0.04 and 3.58 ± 0.03 
respectively. This difference can be ascribed to dif-
ferent nutritional requirements and the raw mate-
rial utilization rate by LAB [22]. The change in TA 
values (Fig. 1C) had similar trends to those of mi-
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Fig. 1. Microbial growth and physico-chemical 
changes during mulberry juice fermentation.

A – microbial growth, B – changes in pH , C – changes in 
titratable acidity.
LPFMJ – mulberry juice fermented using Lb. plantarum, 
LAFMJ – mulberry juice fermented using Lb. acidophilus, 
LCFMJ – mulberry juice fermented using  Lb. paracasei.
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crobial growth curve (Fig. 1A). LAB produce lac-
tic, acetic and other organic acids during fermen-
tation, which explains the similar trend of Fig. 1A 
and Fig. 1C. The production of the acids resulted 
in the decrease in pH (Fig. 1B). The capability of 
a microorganism to survive and grow in foods is 
more dependent on pH than on TA [23]. The abil-
ity of LAB to grow at such low pH may be due to 
their heterogeneous characteristics that permit 
them to survive in various ecological niches. These 
growth patterns are similar to those reported in 
literature [24, 25].

Effect of fermentation on phytochemicals
The influence of the LAB fermentation on 

the phytochemical properties of mulberry juice is 
presented in Tab. 1. The results show significant 
difference (P < 0.05) in TPC among the samples. 
Comparison of LFMJ and unfermented mulberry 
juice (CON) shows that LAB enhanced the phy-
tochemical composition of the samples during 
fermentation [6–9]. The potential mechanisms 
could be attributed to β-glucosidase produced by 
the bacteria, which is capable of hydrolysing isofla-
vone β-glycosides to aglycones [6, 8]. Besides that, 
pH strongly interferes with extraction of phenolic 
compounds [26] hence the decrease in pH during 
fermentation might have influenced extraction 
of phenolic compounds leading to higher TPC in 
LFMJ than in CON.

Although LAB are known for their esterase 
activities [27], the higher TPC of mulberry juice 
fermented using Lb. plantarum (LPFMJ) than the 
other fermented samples could be attributed to 
LAB ability to produce esterase that is more po-
tent at hydrolysing ester bonds of glycosides, to 
release soluble conjugated or insoluble bounded 
phenolic compounds from cell walls of the plant 
[28, 29].

Similar trend was observed in the TPC and 
TAC (Tab. 1). However, there was no signifi-
cant difference (P < 0.05) in TAC of LPFMJ and 
mulberry juice fermented using Lb. acidophilus 
(LAFMJ). The high TAC of the fermented sam-
ples may be due to the ability of the LAB to pro-
duce enzymes that can hydrolyse complex polyphe-
nols into simpler anthocyanins [10]. Anthocyanins 
are also stable at low pH [8], Fig. 1B, also shows 
similar pH values for Lb. plantarum and Lb. aci-
dophilus. This could explain the insignificant dif-
ference in TAC of LPFMJ and LAFMJ (Tab. 1). 
There were significant differences among TFC 
values (Tab. 1) with the fermented samples having 
higher values than the control. According to Sven-
sson et al. [30], contents of phenolic acid esters, 
phenolic acids and flavonoid glucosides increase 

during lactic fermentation. This could explain the 
high TFC in the fermented samples compared to 
the control. The variation in TFC of the fermented 
samples is due to differences in the ability of indi-
vidual LAB strains to metabolize various flavonoid 
compounds [30, 31]. 

Volatile profile
The results on the volatile compounds, as ex-

tracted by headspace solid-phase microextraction 
(HS-SPME), are presented in Tab. 2. The results 
depict significant differences between the fer-
mented samples and control. A total of 42 volatile 
compounds were identified. They were made up 
of 18 esters, 10 alcohols, 6 aldehydes, 4 ketones, 
2 acids and 2 volatile phenols. Thirty-two (32) 
of these volatile compounds were identified in 
LPFMJ, 22 in LAFMJ, 20 in mulberry juice fer-
mented using Lb. paracasei (LCFMJ) and 18 in 
CON, with a concentration of 84.57 ± 1.02 mg·l‑1, 
85.66 ± 0.83 mg·l‑1, 86.79 ± 0.79 mg·l‑1 and 
78.00 ± 1.12 mg·l‑1, respectively. The differences 
may be due to the metabolism and release of ac-
tive and pleasant flavours by the individual LAB 
strains during fermentation [32]. Besides, Bleve 
et al. [33] ascertained a positive correlation be-
tween microbial growth of LAB and volatile pro-
file. Hence, the variation in volatile composition 
may be due to the microbial growth (Fig. 1A). The 
results also showed an increase in the concentra-
tions and metabolism of more volatile compounds 
in the fermented samples, whereas 1-pentanol, 
hexanal, heptanal and cis-2-hexenal, which were 
abundant in CON, were not detected after the 

Tab. 1. Phytochemical properties of fermented mul-
berry beverage produced using different lactobacilli.

Sample
TPC 

[mg·ml‑1]
TAC 

[mg·ml‑1]
TFC 

[mg·ml‑1]

CON 5.46 ± 0.03 d 0.77 ± 0.01 c 3.15 ± 0.02 d

LPFMJ 8.27 ± 0.13 a 1.25 ± 0.01 a 4.19 ± 0.01 a

LAFMJ 7.15 ± 0.10 b 1.24 ± 0.00 a 3.96 ± 0.04 b

LCFMJ 6.43 ± 0.07 c 1.11 ± 0.01 b 3.68 ± 0.02 c

Data expressed as mean ± standard deviation. Values in 
the same column with different superscripts are significantly 
different at P < 0.05.
CON – unfermented mulberry juice, LPFMJ – mulberry juice 
fermented using Lb. plantarum, LAFMJ – mulberry juice 
fermented using Lb. acidophilus, LCFMJ – mulberry juice 
fermented using  Lb. paracasei.
TPC – total phenolic concentration (expressed as milligram 
of gallic acid equivalents per millilitre of juice), TAC – total 
anthocyanin concentration (expressed as milligram of cyani-
din 3-glucoside equivalent per millilitre of juice), TFC – total 
flavonoid concentration (expressed as milligram of rutin 
equivalents per millilitre juice).
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fermentation. In addition, there was a decrease in 
some volatile compounds in LFMJ compared to 
CON [22].

Odour activity values and aromatic profile
The odour activity (OAV) of the samples 

is shown in Tab. 3. OAV has to do with the con-
centration of the volatile compounds (Tab. 2) 
and their corresponding odour threshold values 
(Tab. 3) that gives the samples their core aromatic 
notes. Volatile compounds interact with human 
receptors at equal or greater concentrations than 
the odour threshold to create a response. Eighteen 
(43  %) out of the 42 volatile compounds identi-

fied contributed significantly to the aroma of the 
samples. LFMJ, compared to CON, had higher 
total OAV (Tab. 3) making them have distinct aro-
matic characteristics. This implies that lactic acid 
fermentation positively impacted on the aroma 
active compounds. Naturally, odourants with high 
OAV are most likely to be significant, though aro-
ma synergy and suppression exist. According to 
Eduardo et al. [34] and Añón et al. [35], odour-
ants with OAV > 1 are significant and those with 
OAV < 1, but > 0.2 may have synergistic impact 
on the aroma of the product. The results show 
that the odourants which had significant impact 
on the aroma of CON were hexanal, ethyl acetate, 

Tab. 3. Odour activity values of potent odourant compounds in lactic acid fermented mulberry juice.

Compound 
codes

Odour activity values Odour threshold 
[μg·l‑1]

Aroma series
CON LPFMJ LAFMJ LCFMJ

Alcohols

AL2 0.01 0.01 0.01 0.01 40 000 Fruity, chemical

AL3 0.12 0.10 0.13 0.09 30 000 Chemical

AL5 0.25 0.03 0.04 0.06 8 000 Fruity, floral

AL6 0.00 0.07 0.07 0.00 2 500 Vegetative

AL8 0.00 0.11 0.12 0.00 900 Nutty

AL10 0.09 0.11 0.00 0.09 10 000 Fruity, chemical, floral

Subtotal 0.47 0.43 0.37 0.25

Aldehydes

AD1 0.40 0.17 0.13 0.00 500 Fruity, floral, microbiological

AD2 1.97 0.00 0.00 0.00 350 Floral, chemical, fruity

AD5 0.00 28.29 0.00 0.00 1.3 Floral, chemical, fruity

Subtotal 2.37 28.46 0.13 0.00

Esters 

ES2 4.79 1.15 1.39 2.11 7 500 Fruity, microbiological

ES3 0.00 0.23 0.18 0.26 1 600 Fruity

ES5 0.99 0.00 0.00 0.00 400 Fruity

ES6 21.32 212.30 208.97 210.75 160 Fruity

ES9 0.00 0.80 0.00 0.00 80 Fruity, floral

ES11 0.00 4.01 2.76 2.70 670 Fruity, floral

ES16 0.00 0.17 0.00 0.00 500 Floral, chemical, fruity

ES18 5.47 13.52 14.05 10.24 1 800 Floral

Subtotal 32.57 232.18 227.35 226.06

Acids

AC2 0.00 0.97 0.00 0.00 500 Microbiological

Subtotal 0.00 0.97 0.00 0.00

Total 35.41 262.04 227.85 226.31

Volatile compounds were coded as indicated in Tab. 2. Odour threshold were obtained from literature [34, 38]. Aroma series 
were obtained from literature [36, 37].
CON – unfermented mulberry juice, LPFMJ – mulberry juice fermented using Lb. plantarum, LAFMJ – mulberry juice fermented 
using Lb. acidophilus, LCFMJ – mulberry juice fermented using  Lb. paracasei.
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isopentyl acetate and phenethyl acetate, while 
those with possible synergy impact were 1-hexa-
nol, acetaldehyde and ethyl butyrate. Those that 
contributed significantly to the aroma of LPFMJ 
were ethyl acetate, isopentyl acetate, hexyl acetate, 
phenethyl acetate and 1-nonanal, whereas octano-
ic acid, ethyl hexanoate and isobutyl acetate had 
interactive effect on its aroma. 

In LAFMJ, ethyl acetate, isopentyl acetate, 
hexyl acetate and phenethyl acetate were signifi-
cant odourants. 

The significant odourants in LCFMJ were 
ethyl acetate, isopentyl acetate, hexyl acetate and 
phenethyl acetate, with isobutyl acetate having 
possible synergy impact.

Aromatic series of the lactic acid fermented 
mulberry juice

The aromatic series permits tentative approxi-
mation of olfactive profile of samples based on 
the generic descriptors obtained from literature 
[36, 37]. As shown in Fig. 2, the main features 
of the aroma profile of the fermented samples 
were microbiological, nutty, vegetative, chemi-
cal, floral and fruity. Besides, fermentation re-
duced the chemical and microbiological aromatic 
series of the samples (Fig. 2). Fermentation using 
Lb. plantarum and Lb. acidophilus generated 
some nutty and vegetative aroma in LPFMJ and 
LAFMJ. On the other hand, the fruity and floral 
aroma increased significantly in all the fermented 
samples compared to the control.

Sensory assessment of samples
The radar plot of the sensory assessment 

(Fig.  3) shows that fermentation impacted posi-
tively the sensory attributes of the samples com-
pared to the control. This may be due to the or-
ganic acids and the volatile compounds produced 
by LAB during the fermentation [22]. LFMJ sam-
ples even though differed in colour, flavour, taste, 
aroma, mouthfeel and overall acceptability, all 
samples were slightly liked by the panel with least 
mean score value being 7.03 (mouthfeel score for 
CON) and 7.37 (taste score for LCFMJ). The re-
sult showed that LPFMJ was scored higher by the 
panel in terms of aroma, colour, taste and overall 
acceptability. Its high aroma score was in line with 
its aromatic profile (Fig. 2) and its colour from its 
high TAC (Tab. 1) compared to the other samples. 
LAFMJ was scored higher in mouthfeel and fla-
vour. 

Principal component analysis
Principal component analysis (PCA) was per-

formed to establish the key features of each sam-

ple using phytochemical composition (Tab. 1), 
sensory attributes (Fig. 3) and volatile attributes 
(Tab.  2) of the samples. The first two principal 
components (PC1 and PC2) were able to explain 
86.6 % of the total variance. PC1 accounted for 
62.5 % of the total variance and clearly differen-
tiated between CON and the fermented samples 
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Fig. 2. Aromatic profile 
of lactic acid fermented mulberry juice.

Values for floral, fruity and microbiological aromatic series 
are presented as 5th, 50th and 5th part of the real values, 
respectively.
CON – unfermented mulberry juice, LPFMJ – mulberry juice 
fermented using Lb. plantarum, LAFMJ – mulberry juice 
fermented using Lb. acidophilus, LCFMJ – mulberry juice 
fermented using  Lb. paracasei.

Overall 
acceptability
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Fig. 3. Sensory assessment of mulberry beverages.

CON – unfermented mulberry juice, LPFMJ – mulberry juice 
fermented using Lb. plantarum, LAFMJ – mulberry juice 
fermented using Lb. acidophilus, LCFMJ – mulberry juice 
fermented using  Lb. paracasei.
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(LPFMJ, LAFMJ and LCFMJ) (Fig. 4). PC2, 
which accounted for 24.1 % of the variance, dis-
tinguished CON and LPFMJ from LAFMJ and 
LCFMJ. With reference to the loading values of 
each attribute, the samples were split into three 
groups and their features as illustrated in Fig. 4. 
The first group, on the positive side of PC1 and 
negative side of PC2, was made up from LAFMJ 
and LCFMJ, for which their esters, ketones, fla-
vour and volatile phenols were typical. The sec-
ond group was situated on the negative side of 
PC1 and positive side of PC2, and contained CON 
characterized by its volatile attributes (acids, al-
dehydes and alcohol). The last group, situated on 
the positive side of PC1 and PC2, was LPFMJ. 
This sample was characterized by TFC, TAC, TPC, 
mouthfeel, colour, aroma and taste. Although 
LPFMJ was characterized by mouthfeel (Fig. 4), 
its mouthfeel score (Fig. 3) was slightly lower than 
that of LAFMJ (Fig. 3). This variation could be ex-
plained by the subjective nature of sensory analysis 
performed.

Modelling analysis
The linear models PCR and PLSR were used 

to develop a predictive model for the overall qual-
ity rating of LFMJ. The coefficient a terms were 
fitted by PLSR and PCR using the PCA matrix of 
the factor score for CON (PC1: –5.15; PC2: 0.65; 
PC3: –0.32), LPFMJ (PC1: 2.51; PC2: 2.74; PC3: 
0.71), LAFMJ (PC1: 2.08; PC2: –1.07; PC3: –2.11) 
and LCFMJ (PC1: 0.56; PC2: –2.32; PC3: 1.72) as 
the predictor variables and overall acceptability 
score (Fig. 3) as the predicted variable using the 
formula: 

 

𝑄𝑄 =  𝛼𝛼0 + �𝛼𝛼𝑖𝑖𝐾𝐾𝑖𝑖

3

𝑖𝑖 = 1

 

 
	 (2)

where Q is the predicted response (overall quality 
rating). a0 and ai are the regression coefficients 
for the intercept and the variables of the model, 
respectively. Ki is the predictor variable (principal 
components related to the phytochemicals, sen-
sory attributes and volatile profile of the samples; 
Tab. 4).

The reliability of the models was evaluated 
using the root mean square error (RMSE) and 
coefficient of determination (R2). The results re-
vealed that the PCR model was adequate in the 
prediction with a high R2 (0.99) and low RMSE 
(0.07) (Tab. 5). On the other hand, the PLSR 
model was more adequate in predicting the overall 
quality of LFMJ, with R2 of 1 and RMSE of 0.00. 
Furthermore, PC1 was completely related to the 
phytochemical properties (TPC, TAC and TFC), 
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Fig. 4. Principal component analysis 
of the phytochemical, sensory attributes and volatile 
compounds of lactic acid fermented mulberry juice.

PC – principal component. 
CON – unfermented mulberry juice, LPFMJ – mulberry juice 
fermented using Lb. plantarum, LAFMJ – mulberry juice 
fermented using Lb. acidophilus, LCFMJ – mulberry juice 
fermented using  Lb. paracasei, TPC – total phenolic con-
centration, TAC – total anthocyanin concentration, TFC – total 
flavonoid concentration.

Tab. 4. Factor loadings 
of the first three principal components.

Attributes PC1 PC2 PC3

TPC 0.886 0.463 0.017

TAC 0.998 0.018 –0.061

TFC 0.967 0.254 –0.028

Flavour 0.810 –0.325 –0.489

Colour 0.737 0.108 0.667

Taste 0.796 0.605 0.018

Mouthfeel 0.747 0.213 –0.629

Aroma 0.210 0.929 0.303

Overall 0.768 0.635 –0.087

Alcohols –0.778 0.614 –0.135

Aldehydes –0.950 0.272 –0.153

Esters 0.961 –0.252 0.113

Acids –0.941 0.322 0.103

Volatile phenols 0.473 –0.865 –0.170

Ketones 0.298 –0.421 0.857

PC – principal component, TPC – total phenolic concentra-
tion, TAC – total anthocyanin concentration, TFC – total 
flavonoid concentration.
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sensory attributes (flavour, colour, taste, mouth-
feel and overall acceptability) and the volatile 
attributes (acids, esters, alcohol and aldehydes; 
Tab. 4). PC2 was associated with aroma and vola-
tile phenols, whereas PC3 was linked to ketones 
(Tab. 4). The main contributors to the quality of 
LFMJ based on standardized coefficients (Tab. 5) 
were TAC, TFC, aldehydes, esters, acids and aro-
ma. However, TPC, flavour, volatile phenols and 
ketones were correlated. Hence, the overall qual-
ity rating of LFMJ was predicted as:

𝑂𝑂𝑂𝑂𝑂𝑂 = 7.71 + 0.12𝛼𝛼1 + 0.16𝛼𝛼2 − 0.03𝛼𝛼3 	 (3)

where OQR is overall quality rating, a1 is regres-
sion coefficient for TPC, TFC, TAC, flavour, co-
lour, taste, acids, esters, mouthfeel, overall accept-
ability, alcohol and aldehydes,  a2 is standardized 
coefficient for aroma and volatile profile, a3 is 
standardized coefficient for ketones.

Conclusion

In the present study, mulberry juice was fer-
mented using three strains of LAB. The study 
contains also characterization of the volatile 
compounds produced by LAB during fermenta-
tion and analysis of growth kinetics of LAB, pH 
and TA during fermentation. It also assessed the 
phytochemical composition, sensory attributes, 
categorized and modelled the quality rating of the 
samples. The results showed that LAB were able 
to improve the phytochemical compositions of the 
mulberry juice. Moreover, the fermentation did 
improve the volatile profile of the juice and en-
hanced its sensory acceptability. With reference to 
the performance, the strain of Lb. plantarum was 
observed to be the most suitable for fermenta-
tion of mulberry juice and may have the ability for 
a possible industrial application in the production 
of lactic acid fermented mulberry juice. Further 
work on optimizing the fermentation conditions 
and in vitro as well as in vivo functionality of the 
fermented mulberry juice is highly recommended.
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