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Abstract

Mulberry leaves have been used in oriental medicine for their anti-pyretic and anti-inflammatory benefits. However,
their bitter taste and characteristic odor limit their use in food. Thus, mulberry leaves were fermented using three
species of lactic acid bacteria prevalent in kimchi. MLp, MLm, and MLs were obtained by means of fermenting
mulberry leaves, using Lactobacillus plantarum, Leuconostoc mesenteroides, and Lactobacilllus sakei. Their palat-
ability and biochemical properties were measured to determine the feasibility of using each as a food ingredient.
Overall acceptability of yoghurt supplemented with fermented mulberry leaves (MLp, MLm, or MLs) was greater
than that for yoghurt supplemented with dried mulberry leaves, while fermentation produced no negative effect on
yoghurt palatability. In addition, the total polyphenol levels and radical scavenging effects of mulberry leaf extracts
increased with fermentation, but total flavonoid content was not significantly changed. One potentially detrimental
effect of fermentation is that a- glucosidase inhibitory potency was slightly decreased, proportional to the decrease
in the active component 1-deoxynojirimycin. Despite this minor loss, the improved flavor of fermented mulberry
leaves, together with its other beneficial health effects, is expected to render them useful as a food ingredient with-

out lowering the sensory appeal of their target foods.
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broth= Becton Dickinson (Becton Dickinson Inc., Sparks,
MD, USA), MRS Agar+= Yakuri (Yakuri Pure Chemicals
Inc., Kyoto, Japan), HPLC 418 §v= J.T Baker (J.T.
Baker, Phillipsburg, NJ, USA), ©d4H Samchun (Samchun
Pure Chemical, Pyeongtaek, Korea), ¢ Z}2](Whatman No.
2)= Whatman (Whatman Inc., Springfield Mill, UK), 2,2-
Diphenyl-1-picrylhydrazyl (DPPH):= Sigma (Sigma Chemicals,
St. Louis, MO, USA) A&FS FY3ted ALt &
g BelSs Axsy] Hal AMES dF= Leuconostoc
mesenteroides (KCCM 40709) 2 Lactobacillus plantarum
(KCCM 12116)3} Lactobacillus sakei (KCCM 40264)5
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Fig. 1. Fermentation process of mulberry leaves.
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Fig. 2. Preparation process of yoghurt added with fermented
mulberry leaves powder.
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Table 1. HPLC operating conditions of 1-deoxynojirimycin in
various mulberry leaves extracts

Items Condition
Instrument Younglin Acme 9000 (Younglin Instrument Co.,
Ltd, Anyang, Korea)
Column Zorbax SB-C18 (4.6 x 150 mm, 5 pm)

Column oven 30°C

Detector UV detector

Absorbance 264 nm

Flow rate 1.2 mL/min

Mobile phase Buffer A: 100% acetonitrile

Buffer B: 75 mM trisodium citrate, pH 4.8
Gradient : Buffer A 30% — 40% (0 - 20 min)
Injection volume 10 pL
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Table 2. Sensory evaluation scores of yoghurt added with mulberry leaves or the fermented mulberry leaves

Color Sourness Umami Bitterness Overall acceptability
Yoghurt 6.75+1.36° 4.25+1.36" 4.00+2.75° 3.50+2.38° 6.00+1.45°
Yoghurt+DM" 4.25+2.63" 5.00+£1.59* 42542 .54 5.50+£2.71° 4.00+2.34°
Yoghurt+Control® 4.75£1.19* 4.50+0.79* 5.50+1.52° 4.75+1.00° 5.75£1.99
Yoghurt+MLm? 5.50+1.03° 4.9+0.64™ 4.50+1.52* 5.25+1.64° 5.50+1.89°
Yoghurt+MLp" 5.00£1.12% 5.50+1.38° 4.75+1.19* 4.500.79" 5.75+1.64°
Yoghurt+MLs” 5.25+0.76® 5.001.12% 4.50+1.03® 5.00+1.12° 5.0041.72%

*“*Means in the same column not sharing a common letter are significantly different (»<0.05) by Duncan's multiple test

YDried mulberry leaves

? Mulberry leaves media without inoculation

Mulberry leaves fermented with Leuconostoc mesenteroides
Mulberry leaves fermented with Lactobacillus plantarum

> Mulberry leaves fermented with Lactobacillus sakei
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Fig. 3. HPLC chromatograms of 1-deoxynojirimycin standard
(a), the dried mulberry leaves extract (b), and the mulberry
leaves media extract without inoculation (c).
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Table 3. Amounts of 1-deoxynojirimycin in the extracts of
fermented mulberry leaves

Sample 1-deoxynojirimycin (ug/g)
Control" 0.58+0.01°
MLme? 0.56+0.00%
MLpe” 0.52+0.02°
MLse? 0.54+0.00°

**Means in the same column not sharing a common letter are significantly
different (»<0.05) by Duncan's multiple test

D The extract of mulberry leaves media without inoculation

2 The extract of mulberry leaves fermented with Leuconostoc mesenteroides

 The extract of mulberry leaves fermented with Lactobacillus plantarum

» The extract of mulberry leaves fermented with Lactobacillus sakei

Table 4. Amounts of total phenolic compounds in the extracts
of fermented mulberry leaves

Sample Phenolic compounds (j1g/mg)
Control" 25.29+1.38°

MLme? 28.10+1.44™

MLpe? 29.93+1.88°

MLse? 29.03+1.35°

**Means in the same column not sharing a common letter are significantly
different (p<0.05) by Duncan's multiple test

D The extract of mulberry leaves media without inoculation

2 The extract of mulberry leaves fermented with Leuconostoc mesenteroides

* The extract of mulberry leaves fermented with Lactobacillus plantarum

» The extract of mulberry leaves fermented with Lactobacillus sakei
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Table 5. Amounts of total flavonoids in the extracts of fermented
mulberry leaves

Sample Flavonoids (ug/mg)
Control" 59.11£1.09°
MLme? 60.31£0.97*
MLpe? 60.8240.26"
MLse? 60.310.56™

=4 Means in the same column not sharing a common letter are significantly
different (»<0.05) by Duncan's multiple test

" The extract of mulberry leaves media without inoculation

9 The extract of mulberry leaves fermented with Leuconostoc mesenteroides

3 The extract of mulberry leaves fermented with Lactobacillus plantarum

» The extract of mulberry leaves fermented with Lactobacillus sakei

Table 6. Electron donating abilities of the fermented mulberry
leaves extracts. (%)

Electron donating abilities (%)

Sample 15.6 ppm 313 ppm 62.5ppm 125 ppm
Ascorbic acid  24.68+0.63 45.65+0.79 89.66+0.78 96.30+0.17

Sample 156 ppm 313 ppm 625 ppm 1,250 ppm
Control" 1.14+0.30* 5.45+0.48* 10.18+0.40" 20.79+0.29*
MLme? 3.32+0.70° 7.93+0.58" 11.59+0.40° 21.40+0.61*
MLpe?® 4.50+0.67° 8.24+0.86" 12.17+0.53° 21.47+0.29°
MLse® 3.36£0.07° 7.40+0.52° 11.86+0.63" 20.48+0.80"

**Means in the same column not sharing a common letter are significantly
different (»p<0.05) by Duncan's multiple test

D The extract of mulberry leaves media without inoculation

2 The extract of mulberry leaves fermented with Leuconostoc mesenteroides

* The extract of mulberry leaves fermented with Lactobacillus plantarum

» The extract of mulberry leaves fermented with Lactobacillus sakei

Table 7. Inhibitory effect of the fermented mulberry leaves
extracts on a-Glucosidase.

Sample Inhibition rate (%)
Acarbose 54.58+0.70¢
Control" 40.35+0.89°
MLme? 32.07£1.76°
MLpe?” 35.25+1.09°
MLse? 29.96+1.63*

=4 Means in the same column not sharing a common letter are significantly
different (»<0.05) by Duncan's multiple test

" The extract of mulberry leaves media without inoculation

2 The extract of mulberry leaves fermented with Leuconostoc mesenteroides

3 The extract of mulberry leaves fermented with Lactobacillus plantarum

 The extract of mulberry leaves fermented with Lactobacillus sakei
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