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ABSTRACT 

Mulberry lees were added to bread dough at levels of 10%, 
20%, and 30%.  Loaves were prepared using the straight dough 
procedure.  Bread volume, crust and crumb color, crumb tex-
ture, flavor and overall acceptability were evaluated.  Antho-
cyanin content of crumbs was determined for 5 days storage 
duration.  The volume of bread was decreased (p < 0.05) as the 
mulberry lees addition amount increased.  Overall acceptabil-
ity of 10% mulberry lees addition bread was highest among  
all breads.  There was no significant difference in crumb tex-
ture except the firmness of 30% mulberry lees addition was 
higher than other groups.  Addition of mulberry lees increased 
the anthocyanin content of crumb.  Oxidation of anthocyanin 
occurs in crumbs during storage.  Mulberry lees could be 
added to bread within 20% level for enhancing the nutritional 
quality and characteristics of bread. 

I. INTRODUCTION 

The most prominent leading causes of death in most of  
the world are chronic diseases.  Factors increase the risk of 
developing chronic disease, such as smoking, dietary habits, 
physical activity, and alcohol use.  Therefore, looking for 
inexpensive and healthy ingredients to improve dietary factor 
is considered an important task for baking industry.  There has 
been increasing interest in antioxidants derived from fruits, 
vegetables, herbs, and beverages in recent years.  Mulberry 
(Morus alba L.) has been used as medicine in traditional East 
Asian countries to treat fever, protect the liver, improve eye-
sight, strengthen joints, facilitate discharge of urine and de-

crease blood pressure [20].  Several studies have also shown 
mulberry contains important constituents, anthocyanins [8], 
which may reduce the incidence of heart disease through its 
antioxidant activity [4].  Anthocyanins, a group of phenolic 
compounds, are responsible for the red and blue colors of 
many flowers, fruits and vegetables [15].  Dietary antho-
cyanins have potentially beneficial effects on health, such as 
reducing the risk of mutagens and carcinogens [10, 16, 19].  
Anthocyanin-rich fruits, extracts, and pure anthocyanins have 
been proved to have beneficial effects in preventing or sup-
pressing diseased states in vivo [11, 17].  The potential role of 
mulberry also has been reported having antiviral [2], antim-
icrobial [6, 14], and neuroprotective effects [18]. 

A lot of mulberry products such as wine, liquor, juice 
vinegar, jam as well as baking products are commercially 
available in Taiwan.  Mulberry lees are the leftover of mul-
berry wine and vinegar.  They are also rich in dietary fiber and 
supply valuable vitamins and minerals.  Our previous study 
reported the effects of mulberry lees addition reduced the 
mixing stability of dough Farinography parameters [9].  Ad-
dition of 30% mulberry lees had been proven to significantly 
retard the fermented rate of bread dough.  Addition of 10% or 
20% mulberry lees might be a good choice to the application 
of mulberry lees in bread making. 

In this study, mulberry lees were added to bread again.  
Effects of adding mulberry lees on the qualities of bread, and 
the content of anthocyanins after storage were investigated.  
The results of the present study could be used for bakery in-
dustry and help the mulberry wine and vinegar maker to easy 
the problem of leftover. 

II. MATERIALS AND METHODS 

1. Materials 

Mulberry lees, used in this study were a leftover of mulberry 
wine, were obtained from National Pingtung, University of 
Science and Technology (Pingtung, Taiwan).  Bread flours were 
purchased from Uni-President Enterprises Corporation (Tainan, 
Taiwan).  Shortening used in this study were purchased from 
Namchow Group (Taoyuan, Taiwan).  Instant dry yeast was 
purchased from Yung Chen Industries Ltd. (Taipei, Taiwan). 
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Table 1.  Proximate compositions of toast from mulberry lees addition. 

Mulberry wine lees1 (%) Moisture (%) Crude protein (%) Crude fat (%) Ash (%) Carbohydrate2 (%) 

  0 38.1 ± 0.9b 10.1 ± 0.1a 3.1 ± 0.0a 1.1 ± 0.0a 47.6 ± 1.4a 

10 37.8 ± 1.7b 10.6 ± 0.1a 3.3 ± 0.0a 0.9 ± 0.1b 47.4 ± 2.1a 

20 37.2 ± 2.6b 10.1 ± 0.2a 3.1 ± 0.2a 0.9 ± 0.1b 48.7 ± 0.9a 

30 41.6 ± 1.5a 10.5 ± 0.5a 3.1 ± 0.1a 0.8 ± 0.1c 44.0 ± 1.8b 
1 Mulberry lees (%) were expressed as weight of mulberry lees/weight of wheat flour × 100%. 
2 Calculated by differences.  Means in the same column with different letters as superscripts are significantly different (p < 0.05). 

 
 

2. Methods 

The baking formula, based on baker percentage, was as 
follows, 100% flour, 10% sugar, 1.5% salt, 1% dry yeast, 4% 
shortening, 0-30% mulberry lees, water as determined from a 
farinograph absorption test.  Farinograph (C.W. Brabender 
Instruments, Inc., South Hackensack, NJ) were run at 30°C 
and the bread dough was made from 300g bread flour and 
added water to center at 500 Brabender units by adjusting 
dough water content (AACC 54-21) [1].  A straight dough 
procedure, with a 60 minutes fermentation (at 28°C, 75% 
relative humidity (RH)), 50 minutes proofing at 38°C (85% 
RH) and 25 minutes baking at 150°C/180°C (Jedah Food 
Machinery, Chiayi, Taiwan).  Dough is divided (450 g) and 
rounded into a ball shape, and rested at room temperature for 
20 minutes.  Loaf volume was measured immediately after 
baking by a rapeseed displacement method.  Baking loss was 
calculated by the following formula: (1-weight of bread/ 
weight of dough) * 100%.  Each treatment was measured in 
triplicate and the average was recorded.  A color meter (ZE 
2000 Nippon Denshoku, Japan) was used to determine light-
ness (L*), red content (a*) and yellow content (b*) values on 
bread crust and crumb at first day.  A white reference plate was 
used as a standard. 

Sensory evaluation of baked bread followed the method of 
El-Adawy [3].  The trained panel consisted of 30 members 
selected randomly from students, laboratory staff and in-
structors of the department of Food Science and Technology.  
They were trained and instructed to evaluate the score of  
appearance, flavor and overall acceptability of the breads  
by hedonic scale method.  A hedonic scale of 1-7 points (1 = 
dislike very much; 4 = neither like or dislike; 7 = like very 
much) was used.  Bread was evaluated when loaves were 
cooled down for 3 hours and sliced into 1-cm thickness by a 
bread slicing machine. 

Breads were sealed in 1 Kg polyethylene (PE) bags after 
cooling for 1 hour and held at room temperature (25°C) for 
further testing.  Breads were sliced into 3 × 3 × 3 cm3 crumbs 
using a standard bread slicer after 0, 1, 3 days of storage.  
Hardness, springiness, cohesiveness and chewiness of breads 
were tested with the TA.XT2 Texture Analyzer (Haslemere, 
England) and a 75 mm diameter cylinder probe according to 
the methods of Fiszman and others [5].  Texture profile 
analysis (TPA) was conducted with a test speed of 5.0 mm/s.  
Calibration distance for the probe was 35.0 mm.  The sliced 

crumbs were also stored at 25°C after wrapping in PE bag to 
prevent crumbs from drying. 

Bread samples were frozen and freeze-dried in a freeze 
dryer.  Freeze dried samples were cut into 0.8 × 0.8 × 0.3 cm3 
crumbs, and mounted onto brass stubs using double sided 
carbon conductive adhesive tape.  A gold coat (15 nm thick) 
was applied using a sputter coater (Giko Engineering, IB 
model).  Samples were examined at 20 Kev using a Hitachi 
S-2500 Scanning Electron Microscope (Tokyo, Japan). 

Anthocyanin content of acidic methanol extract from 10 g 
crumbs was determined by pH differential method according 
to the methods of Fuleki and Francis [7].  Each sample was 
separated and adjusted to pH 1.0 (A1) and pH 4.5 (A2).  The 
absorbance at 535 nm was used to quantify the results ac-
cording to the following equation: anthocyanin content (mg/ 
100 g dried bread crumbs) = ((A1-A2)*V*340*100)/(ε*W).  
The molecular extinction coefficient (ε) of anthocyanin was 
determined by cyaniding to be 2.46 × 105.  V and W were re- 
presented as the final volume of methanol extract and weight 
of the crumbs. 

The data were analyzed statistically with the Statistic 
Analysis System (SAS) [13].  Analysis of variance (ANOVA) 
and Duncan test used to test the significance difference of each 
group.  A value of p < 0.05 was considered significant. 

III. RESULTS AND DISCUSSION  

1. Chemical Composition of Breads 

Table 1 lists the proximate compositions of mulberry lees 
addition breads.  It is clear that the addition of mulberry lees 
had no significant effects on the crude protein and fat.  The 
moisture of 30% mulberry lees added bread was quite higher 
than other samples.  This was not surprising, since the mul-
berry lees contain 92% of moisture.  As a consequence, less 
carbohydrate and ash content in breads were observed.  The 
changes in proximate composition were due to the addition of 
mulberry lees. 

2. Quality of Breads 

Addition of mulberry lees had a significant (p < 0.05) effect 
on the value of lightness (L*), red content (a*), and yellow 
content (b*) values (Table 2) of bread crust and crumb, except 
the red content a* in crumb.  Color characteristics in crust and 
crumb significantly (p < 0.05) decreased when the level of  
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Table 2.  Effect of mulberry lees addition on the color characteristics of crust and crumb. 

Mulberry lees1 (%) L*2 a* b* White index 

Crust      

   0 50.3 ± 1.0a 15.4 ± 0.2a 33.3 ± 0.6a 38.2 ± 0.5a 

 10 39.2 ± 1.1b 13.5 ± 0.3b 20.8 ± 1.1b 34.3 ± 0.7b 

 20 36.9 ± 0.5c 12.6 ± 0.2c 17.1 ± 0.4c 33.4 ± 0.4b 

 30 33.8 ± 1.1d 11.7 ± 0.5d 12.7 ± 0.6d 31.6 ± 1.0c 

Crumb      

   0 74.0 ± 2.6a -1.9 ± 0.1d 11.2 ± 0.8a 71.5 ± 2.2a 

 10 57.1 ± 2.9b 4.6 ± 0.5c 8.9 ± 0.8b 55.9 ± 2.7b 

 20 47.0 ± 1.4c 7.5 ± 0.3b 8.1 ± 0.2b 45.9 ± 1.4c 

 30 40.6 ± 2.3d 9.5 ± 0.4a 7.0 ± 0.1c 39.4 ± 2.3d 
1 Mulberry lees (%) were expressed as weight of mulberry lees/weight of wheat flour × 100%. 
2 L*: 0 = black, 100 = white; a*: negative values = green, positive values = red; b*: negative values = blue, positive values = 

yellow.  Means in the same column with different letters as superscripts are significantly different (p < 0.05). 
 
 

Table 3.  Loaf volume and sensory evaluation of bread with mulberry lees. 

Mulberry lees1 (%) Loaf volume (ml) Appearance2 Flavor Overall acceptability 

  0 1966 ± 56a 6.5 ± 0.7a 6.2 ± 0.5a 5.4 ± 0.8b 

10 2037 ± 28a 6.3 ± 1.1a 6.4 ± 0.6a 6.3 ± 0.9a 

20 1869 ± 74b 4.1 ± 1.5b 6.6 ± 0.8a 5.7 ± 1.0ab 

30 1799 ± 39b 3.6 ± 1.0b 4.9 ± 0.9b 5.0 ± 1.0b 
1 Mulberry lees (%) were expressed as weight of mulberry lees/weight of wheat flour × 100%. 
2 1-very dislike, 4-moderate, 7-like very much.  Means in the same column with different letters as superscripts are significantly different  

(p < 0.05). 
 
 
mulberry lees increased.  Nevertheless, red content of crumb 
increased as the content of mulberry lees increased. 

Adding 10% mulberry lees was effective in increasing loaf 
volume of bread.  Loaf volume decreased as the level of mul-
berry lees adding up more than 20% (Table 3).  There was no 
significantly different (p > 0.05) in baking loss of breads 
among control and mulberry lees with 10-20% addition (data 
not shown).  Our results suggest adding 10% mulberry lees 
might be a good choice for the application of mulberry lees in 
bread-making. 

Overall acceptability scores of breads containing mulberry 
lees increased significantly (p < 0.05) at 10% level as com-
pared to that of the control bread, then it decreased after fur-
ther mulberry lees addition (Table 3).  No significant (p > 0.05) 
differences were found in flavor (up to 20% level) and appear- 
ance (up to 10% level) between control and breads containing 
mulberry lees.  The results show that there was a obvious 
increase in overall acceptability of breads containing 10-20% 
mulberry lees due to addition with anthocyanin and liqueur 
flavors, which enhancing fruit aroma and sweetness.  Loaf 
volume and sensory properties scores of breads containing up 
30% mulberry lees were decreased. 

3. Scanning Electron Micrographs of Bread Crumbs 

The control bread comprised irregularly larger gas cells 
than that of breads containing mulberry lees (Fig. 1).  The gas 

cell revealed a smoother gluten matrix surface consisting of 
numerous gelatinized starches (Fig. 2).  In contrast, breads of 
10% mulberry lees exhibited a structure where very few 
ungelatinized starches were evident, and gelatinized starch 
were completely coated with an amorphous protein matrix 
(Fig. 2(b)).  There were no starch particle found on the crumb 
with 10% mulberry lees addition.  It might explain adding 
10% mulberry lees was effective in increasing loaf volume of 
bread, due to complete gelatinization of starch in crumb.  
Therefore, breads containing 10% mulberry lees have finer 
crumb grain structure. 

4. Texture Properties of Breads during Storage 

The texture properties of crumbs containing mulberry lees 
(up to 20% level) were not significantly (p > 0.05) different 
from the control bread on the day of baking (Table 4).  So 
adding mulberry lees (less than 20% level) does not affect the 
texture of breads.  Hardness and chewiness increased, whereas 
the springiness and cohesiveness decreased during storage.  
However, texture properties of breads were not significantly  
(p > 0.05) different between the control bread and breads 
containing 10% mulberry lees.  This indicates that staling rate 
of bread containing mulberry lees at 10% level was not dif-
ferent from the control bread.  Zobel and Kulp [21] found that 
retrogradation correlates to loss of freshness and increases 
with hardness of bakery products.  The addition of mulberry  
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Table 4.  Effect of mulberry lees on the texture properties of breads during storage. 

Mulberry lees1 (%) Hardness2 Springiness Cohesiveness Chewiness 

0 day storage      

   0 28.6 ± 2.95b 0.83 ± 0.02a 0.80 ± 0.02a 19.1 ± 1.60b 

 10 28.6 ± 3.13b 0.78 ± 0.08a 0.81 ± 0.00a 18.0 ± 3.80b 

 20 36.0 ± 4.46ab 0.78 ± 0.04a 0.75 ± 0.02a 21.1 ± 3.95b 

 30 46.0 ± 2.56a 0.74 ± 0.05a 0.78 ± 0.04a 29.0 ± 3.90a 

1 day storage      

   0 54.8 ± 4.05b 0.76 ± 0.02a 0.69 ± 0.00ab 29.9 ± 3.28a 

 10 50.8 ± 3.24b 0.77 ± 0.04a 0.73 ± 0.02a 28.6 ± 3.02a 

 20 54.9 ± 4.35b 0.70 ± 0.20b 0.59 ± 0.07c 33.5 ± 2.68a 

 30 72.9 ± 3.52a 0.68 ± 0.04b 0.65 ± 0.04bc 32.2 ± 4.55a 

3 days storage      

   0 64.7 ± 4.97c 0.77 ± 0.02a 0.65 ± 0.01a 33.5 ± 5.28ab 

 10 67.6 ± 4.30c 0.77 ± 0.07a 0.66 ± 0.02a 35.4 ± 2.78ab 

 20 78.3 ± 4.08b 0.71 ± 0.05a 0.58 ± 0.04b 30.3 ± 4.62b 

 30 88.2 ± 3.75a 0.80 ± 0.10a 0.59 ± 0.05b 41.9 ± 8.40a 
1 Mulberry lees (%) were expressed as weight of mulberry lees/weight of wheat flour × 100%. 
2 Means in the same column, within an experiment, with different letters as superscripts are significantly different (p < 0.05). 
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Fig. 1. Scanning electron micrographs of crumbs in (a) control bread and 

mulberry lees containing breads at (b) 10%, (c) 20%, and (d) 30% 
levels (× 25). 

 
 
lees at 10% level does not change texture properties and bak- 
ing quality of breads containing mulberry lees. 

5. Anthocyanin Content of Breads during Storage 

Addition of mulberry lees to wheat flour increased the 
content of anthocyanin.  The content of anthocyanin in breads 
increased significantly (p < 0.05) from 12 mg/100 g bread for  

100 μm

100 μm

100 μm

100 μm

(a) (b)

(c) (d)

 
Fig. 2. Scanning electron micrographs of crumbs in (a) control bread and 

mulberry lees containing breads at (b) 10%, (c) 20%, and (d) 30% 
levels (× 1500). 

 
 
control bread to 234.9 mg/100 g for 30% mulberry lees con-
taining breads (Fig. 3).  Anthocyanin content of bread con-
taining 30% mulberry lees decreased from 234.9 mg/100 g 
bread to 116.3 mg/100 g bread after 5 days storage.  Despite 
the decrease in the anthocyanins was measured, bread con-
taining mulberry lees still exhibited higher levels of antho-
cyanin than that of the control bread (p < 0.05). 
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Fig. 3. Change of anthocyanin content in breads with 0-30% mulberry 
wine leesaddition during storage. 

IV. CONCLUSION 

The results show mulberry lees could be added to wheat 
flour at 10-20% level to increase the over acceptability with-
out any detrimental effects on bread qualities, especially at 
10% level.  Furthermore, the non-toxic and non-mutagenic 
anthocyanin significantly increased in bread containing mul-
berry lees, which not only contributed to the color of bread but 
also exhibited potential positive therapeutic properties [12].  
Therefore, adding natural anthocyanin containing mulberry 
lees into wheat flour for bread-making will be a beneficial 
application for baking industry.  This could also help waste 
recycle and improve economic pollution. 

REFERENCES 

1. American Association of Cereal Chemists, Approved Methods of the 
AACC, AACC, St. Paul, Minnesota, USA (1995). 

2. Du, J., He, Z., Jiang, R., Ye, W., Xu, H., and But, P., “Antiviral fla- 
vonoids from the root bark of Morus alba L.,” Phytochemistry, Vol. 62, 
pp. 135-138 (2003). 

3. El-Adawy, T. A., “Effect of sesame seed protein supplementation on the 
nutritional, physical, chemical and sensory properties of wheat flour 
bread,” Food Chemistry, Vol. 59, pp. 7-14 (1997). 

4. El-Beshbishy, H. A., Singab, A. N. B., Sinkkonen, J., and Pihlaja, K., 
“Hypolipidemic and antioxidant effects of Morus alba L. (Egyptian 
mulberry) root bark fractions supplementation in cholesterol-fed rats,” 
Life Sciences, Vol. 78, pp. 2724-2733 (2006). 

5. Fiszman, S. M., Pons, M., and Damasio, M. H., “New parameters for in-
strumental texture profile analysis: instantaneous and retarded recoverable 
springiness,” Journal of Texture Studies, Vol. 29, pp. 499-508 (1998). 

6. Fukai, T., Marumo, A., Kiatou, K., Kanda, T., Terada, S., and Nomura, T., 

“Anti-Helicobacter pylori flavonoids from licorice extract,” Life Sciences, 
Vol. 71, pp. 1149-1163 (2002). 

7. Fuleki, T. and Francis, F. J., “Quantitative methods for anthocyanins. 2. 
Determination of total anthocyanin and degradation index for cranberry 
juice,” Journal of Food Science, Vol. 33, pp. 78-92 (1968). 

8. Gerasopoulos, D. and Stavorulakis, G., “Quality characteristics of four 
mulberry (Morus sp.) cultivars in the area of China, Greece,” Journal of 
the Science of Food and Agriculture, Vol. 73, pp. 261-264 (1997). 

9. Hwang, J. Y., Sung, W. C., and Shyu, Y. S., “Effect of mulberry lees ad-
dition on dough mixing characteristic and the quality of mulberry toast,” 
Journal of Marine Science and Technology, Vol. 16, pp. 103-108 (2008). 

10. Kamei, H., Hashimoto, Y., Koide, T., Kojima, T., and Hasegawa, M., 
“Anti-tumour effect of methanol extracts from red and white wines,”  
Cancer Biotherapy & Radiopharmaceuticals, Vol. 13, pp. 447-452 (1998). 

11. Ramirez-Tortosa, C., Andersen, O. M., Gardner, P. T., Morrice, P. C., 
Wood, S. G., Duthie, S. J., Collins, A. R., and Duthie, G. G., “Anthocya-
nin-rich extract decreases indices of lipid peroxidation and DNA damage 
in vitamin E-depleted rats,” Free Radical Biology & Medicine, Vol. 31,  
pp. 1033-1037 (2001). 

12. Saija, A., “Pharmacological effects of anthocyanins from blood orange 
juice,” Essenze Derivati Agrumari, Vol. 64, pp. 229-233 (1994). 

13. SAS Institute, Inc., SAS User’s Guide, 6 Edition, SAS Institute, Cary, 
North Carolina (1995). 

14. Sohn, H. Y., Son, K. H., Kwon, C. S., Kwon, G. S., and Kang, S. S., 
“Antimicrobial and cytotoxic activity of 18 prenylated flavonoids isolated 
from medicinal plants: Morus alba L.,” Morus mongolica schneider, 
Broussnetia papyrifera (L.) vent, Sophora flavescens ait and Echinoso-
phora koreensis nakai. Phytomedicine, Vol. 11, pp. 666-672 (2004). 

15. Strack, D. and Wray, V., “Anthocyanins,” in: Harbone, J. B. (Ed.), Methods 
on Plant Biochemistry, Vol. 1, Plant Phenolics, Academic Press, London, 
UK, pp. 325-356 (1993). 

16. Tall, J. M., Seeram, N. P., Zhao, C. S., Nair, M. G., Meyer, R. A., and  
Raja, S. N., “Tart cherry anthocyanins suppress inflammation-induced 
pain behavior in rat,” Behavioural Brain Research, Vol. 153, pp. 181-188 
(2004). 

17. Tsuda, T., Horio, F., Uchida, K., Aoki, H., and Osawa, T., “Dietary cya-
nidin 3-O-beta-D-glucoside-rich purple corn color prevents obesity and 
ameliorates hyperglycemia in mice,” The Journal of Nutrition, Vol. 133, 
pp. 2125-2130 (2003). 

18. Yu, D., Duan, Y., Bao, Y., Wei, C., and An, L., “Isoflavonoids from 
Astragalus monghilocus protect PC12 cells from toxicity induced by 
L-glutamate,” Journal of Ethnopharmacology, Vol. 98, pp. 89-94 (2005). 

19. Zhao, C., Giusti, M. M., Malik, M., Moyer, M. P., and Magnuson, B. A., 
“Effects of commercial anthocyanin-rich extracts on colonic cancer and 
nontumorigenic colonic cell growth,” Journal of Agricultural and Food 
Chemistry, Vol. 52, pp. 6122-6128 (2004). 

20. Zhishen, J., Mengcheng, T., and Jianming, W., “The determination of 
flavonoid contents in mulberry and their scavenging effects in superoxide 
radicals,” Food Chemistry, Vol. 64, pp. 555-559 (1999). 

21. Zobel, H. F. and Kulp, K., “The staling mechanism,” in: Hebeda, R. E. 
and Zobel, H. F. (Eds.), Baked Goods Freshness, Marcel Dekker Inc.,  
NY, USA, pp. 1-64 (1996). 

 


	EFFECT OF MULBERRY LEES ADDITION ON THE QUALITY OF BREAD AND ANTHOCYANIN CONTENT
	Recommended Citation

	tmp.1628032683.pdf.f_m8Y

