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12:7:1 10 h
1.5 30 min
26 °C 10 h
pH 6.8 180 C o
1.5: 1,
3%
1:2.1:1.2:1
1.3.2
2.000 g
30 mino
120 s 1110 s :
1s 350 mL/min 350
mL/min, 3 . PEN3
1.
1 PEN3

Table 1 Properties of sensor on PEN3 electronic nose

R(1) C;Hg (10 mL/m?)

R(2) NO,( 1 mL/m?)

R(3) CeHg( 10 mL/m?)

R(4) H,( 100 mL/m?)

R(5) C3Hg(1 mL/m?®)

R(6) CH, (100 mL/m?)

R(7) H,S(1 mL/m?)

R(8) CO( 100 mL/m?)

R(9) H,S( 1 mL/m?)

R( 10) CH, (10 mL/m%)
1.3.3 GC-MS

2.000 g 20 mL 6 mL

20%  NaCl 5 pl 4— 2-

60 C
20 min DVB/CAR/

PDMS 50/30 pm (270 C 60 min)

60 min GC 5
min 7', 2

. HP-5MS (30 m x0.25
mm X 0. 25 wm) ; 250 C
X He 1.0 mL/min; :
35 C 5 min 5 °C /min 50°C 5

min 5.5%C /min 230C 5 min.
: - 280 C
230 C 150 C; CEL
70 eV; 30 ~550 (m/z) 7",
1.4

( NIST11/Wiley 7. 0)

o

CVA
/(pgekg™') =5 x10°°
2

C 4- 2- mL/mg; V 4- 2-
pL; A, mV ¢ min;, M
g A, 4- 2- mV * mino
2
2.1
1~ 3. 1 N N
1( PC1
95. 06%) 2(PC2 3. 46%)
98.52% PC1  PC2
1:1
1 N N PCA
Fig. 1 PCA analysis of black rice pancake produced
by unfermentation natural fermentation leavening agents
2 N N
95.79% -
83.09% 12. 70%
LDA
I:1
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2 N N
LDA
Fig. 2 LDA analysis of black rice pancake produced by

unfermentation natural fermentation leavening agents

3 10 PCA
. R(2)
R(2)  R(9)
3 N N
Loading

Fig. 3 Loading analysis of black rice pancake produced by

unfermented natural fermented leavening agents

2.2 GCMS

GC-MS
45 6o
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34
39 .
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4

Fig. 4 Total ion chromatogram of black rice

pancake produced by unfermentation

5

Fig. 5 Total ion chromatogram of black rice

pancake produced by leavening agents

6

Fig. 6 Total ion chromatogram of black rice

pancake produced by natural fermentation

2.2.1

12



GC-MS

Table 2 Composition of volatile flavor compounds in different black rice pancake determined by GC - MS

S /(pgekg™")
6.397 8 2 542. 249 22 367. 44 5297.464 9
15.938 4 - 971.214 546. 842
10.793 2 - 2 104. 820 -
21.095 1 1 256. 383 3 634. 684 1 854.435
26.032 7 1314. 168 1530.6 1 402.726
17.957 2 241. 878 -
13. 585 - 2 304.93 677.610 7
2- 8.589 7 612. 325 1 210.203 -
2- 18.764 8 437.256 1 405. 111 837.612
2- 33.150 7 - - 191. 035
2- 23. 806 2 - 638. 301 -
2 4- 31.051 1 - 801. 134 -
19. 064 8 - 274.229 320. 785
36.911 5 - 194. 607 54.561
5- 2- 10.354 8 - 888.015 231.394
2- 10.343 3 - - 141.522
2 3- 15. 096 2 186. 381 693. 562 -
3= 2- 17.830 4 - 232.2 81.114
15.211 6 293. 563 - 249. 521
B- 37.419 1 - 43.828 54. 843
2.602 3 329.979 1 690. 957 1 856. 874
54.123 8 - - 90. 461
19.503 2 - 1 199. 83 -
3.133 583. 19 1187.914 731.363 6
21.625 8 - - 287. 455
2- 17.345 8 - 763.284 467. 626 9
9.443 4 2 975.332 7 510.377 4 479.897
14. 404 1 - 877.079 1 346. 437
19.526 2 220. 593 - -
1- 24.4522 - 664. 156 152.731
- 3- 14.830 9 1221.327 3 312.653 1 854. 626
8.958 9 - 828. 126 640. 156
51.228 2 - - 195. 395
142- ) - 17.288 1 173.614 - -
17.126 6 144.293 277. 171 199. 676
1- 42.702 8 - 390. 402 453.768
2= 23- 25.248 3 - - 76. 296
2- - 15.177 - 418. 954 -
42.691 2 3.2198 - -
- 2- - 13.619 6 377.035 - -
13- - 14.438 6 190. 531 - -
- 44. 664 - 160. 553 150. 865
1 142- 4 3- ) 28.616 9 - - 130. 251
R ) 4- 37.6153 - - 99. 747
34.696 6 - 167. 957 137.432
5- - 40. 857 - - 72.45
38.815 - 232. 859 -
2610 14 - - 50. 201 4 - - 189. 284
2- - 41. 5607 - - 198.35
46.382 9 - 175. 001 -
12- 30. 693 4 55.313 8 - 81.395
3= - 37.096 1 - 245. 563 -
25— 39.345 7 - 350. 849 183.970 1
4- 31.062 6 377.157 - 359.700 4
2- 15.35 355. 041 1 002. 585 305.316
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2.2.4

3
3
2 4—
377. 157 pg/kg
2 2—
2 402. 585 ug/kg
3 4-—
359.700 pg/kgo
GC-MS
1:1

Anderson J] W. Whole grains and coronary heart disease:

the whole kernel of truth J .The American Journal of
Clinical Nutrition 2004 80(6) :1 459 —1 460.

Levi F Pasche C Lucchini F et al. Refined and whole
grain cereals and the risk of oral oesophageal and larynge—
al cancer ] European Journal of Clinical Nutrition

2000 54(6) :487 —489.

Plessas S Bekatorou A Gallanagh J et al. Evolution of aroma
volatiles during storage of sourdough breads made by mixed
cultures of Kluyveromyces marxianus and Lactobacillus del—
brueckii ssp. bulgaricus or Lactobacillus helveticus ] . Food
Chemistry 2007 107(2) : 883 —889.

Ganzle M. G Vermeulen N Vogel R F. Carbohydrate

peptide and lipid metabolism of lactic acid bacteria in sour—
dough J . Food Microbiology 2006 24(2): 128 —138.

Rehman S U Paterson A Piggott J R. Flavour in sourdough



breads: A review ] . Trends in Food Science and Tech— 2006 22(4): 335 -379.
nology 2006 17( 10) : 557 - 566. 13 .
6 Hazelwood L A Daran J-M Pronk J T et al. The Ehrlich M . : 2008:21 -22;301; 368.
pathway for fusel alcohol production: a century of research 14 .
on Saccharomyces cerevisiae metabolism J . Applied and J. 2006 39(3) : 641 - 646.
Environmental Microbiology 2008 74(8): 2259 —2266. 15 . -
7  Martinez-Anaya M A. Enzymes in bread flavour J . Journal - J.
of Agricultural and Food Chemistry 1994 44:2 469 - 2012 37(3): 255 -260.
2 480. 16 .
8 PozoBayon M A Guichard E Cayot N. Flavor control in J. 2012 33(12) :68 - 74.
baked cereal products J . Food Reviews International 17 .
2006 22(4) :335 -379. J. 2011 32
9 Quilez J Ruiz ] A Romero M P. Relationships between (6):94 -97.
sensory flavor evaluation and volatile and nonvolatile com— 18 RAYAS-DUARTE Patricia.
pounds in commercial wheat bread J . Journal of Food J .
Science 2006 71(6) : S423 —8427. 2010 31(21): 15 -19.
10 Paraskevopoulon A Chrysanthou A Koutidou M. Characterisation 19
of volatile compounds of lupin protein isolate - enriched wheat J .
flour bread J . Food Research International 2012 48(2): 368 — 2008 29(7) :448 —451.
571. 20 . -
11 Plessas S Alexopoulos A Bekatorou A et al. Examination - I
of freshness degradation of sourdough bread made with ke— 2009 30( 18) : 278 —281.
firthrough monitoring the aroma volatile composition dur— 21 . -
ing storage J . Food Chemistry 2011 124(2): 627 - : 1996: 170 - 172.
633. 22 Corsetti A Settanni L. Lactobacilli in sourdough fermenta—
12 Pozo-Bayén M A Guichard E  Cayot N. Flavor control in tion J . Food Research International 2007 40(5) : 539 —
baked cereal products J . Food Reviews International 558.

M .

Analysis on volatile flavor compounds in black rice pancake produced by
leavening agents natural fermentation and unfermentation

TANG Mingdi WANG Bo LIU He HE Yu-ang HUI Liquan MA Tao

( College of Chemistry Chemical Engineering and Food Safety Bohai University Grain and Oil
Science and Technology Institute of Bohai University Jinzhou 121013  China)

ABSTRACT Pediococcus pentosaceus Leuconostoc mesenteroides Saccharomyces cerevisiae were used as special pan—
cake fermentation agent and the flavor differences between black rice pancake produced by fermentation with agent
and that produced by natural fermentation were analyzed. The combination of fermentation agents was determined by
the electronic nose to obtain pancake with flavor similar to that of naturally fermented pancake. The compositions and
changes of volatile flavor compounds in black rice pancake produced through unfermentation natural fermentation
and fermenting agent were studied by SPME-GC-MS ( solid phase micro extraction-gas chromatography-mass spectrom—
etry) . The results showed that the natural fermented pancake and the pancake produced using fermenting agent one
respectively contained 39 and 34 kinds of volatile substances including Alcohols acids esters aldehydes ketones
and aromatic compounds and so on whereas the unfermented pancake contained 21 kinds of volatile substances. Pan—
cake produced by fermenting agent and natural fermented black rice pancake had almost the same kinds of substances
and similar tastes and there were more variety and higher quantity of substances in them compared to the unfermented
pancake.

Key words black rice pancakes; leavening agent; electronic nose; solid phase micro extraction; gas chromatogra—

phy-mass spectrometry
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