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Volatile Aromatic Compounds and Fermentation Properties of
Fermented Milk with Buckwheat

Beom-Seon Lee and Seung-Kook Park*

Department of Food Science and Biotechnology, Kyung Hee University

Abstract

We aimed to improve the flavor quality of plain yogurt, which is known to be sour and less desirable in flavor,

varying concentrations of a buckwheat saccharification solution (BSS) were added to milk, followed by fermentation with
commercially available mixed strains of lactic acid bacteria. Volatile compounds were analyzed using the gas
chromatography-headspace-solid phase microextraction (GC-HS-SPME) method. Fermentation properties, including pH,
titratable acidity, viable cells, viscosity, and color value were also measured. Eleven volatile compounds were identified
with GC-MS. Of which, diacetyl, butanoic acid, and 2-heptanone proportionally increased as the levels of BSS increased.
Undesirable compounds such as acetic acid and 2-butanone, decreased as BSS concentration increased. Fermentation
properties were significantly altered with the addition of BSS. Our findings indicate that the flavor quality of plain yogurt
can be improved by adding BSS for fermentation, with an additional health benefit from buckwheat.
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Table 1. Operating conditions of GC-FID and GC-MS for the analysis of volatile aroma compounds

Item GC-FID GC-MS
Instrument HP 6890 HP 5975C
Column HP-5 (30 mx0.32 mmx0.25 pm) HP-5MS (30 mx0.25 mmx0.25 pm)
Oven Temp. 40°C (3 min)—>10°C/min—>230°C (5 min) 40°C (4 min)—>5°C/min—>230°C (5 min)
Injector Temp. 230°C 230°C
Detector Temp. 250°C 250°C
Carrier gas (He) 2.2 mL/min 1.0 mL/min
Split ratio Splitless Splitless
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Fig. 1. GC chromatograms by the different levels of the saccharified buckwheat solution by GC-FID. (A), 0% (control); (B), 10%; (C),

20%; (D), 30%. The peak identity is presented in Table 2.
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Table 2. Peak areas of the volatile aroma compounds in the fermented milk by different levels of saccharified buckwheat solution

Peak D c Contents of buckwheat sacchrification solution (%)
No. ompounds
0 10 20 30

1 - UnKnown 5.2+0.2 5.2+0.3° 4.6+£0.4° 4.8+0.5°
2 538 Ethanol 16.9+0.1° 17.0£0.2* 17.0£0.1* 16.8+0.1°
3 543 Acetaldehyde 5.0+0.7° 4.7+0.5" 2.9+0.2° 3.0£0.1°
4 674 Diacetyl 27.5+4.1¢ 39.742.7° 45.1+4.9 49.6+3.1°
5 713 Acetic acid 28.5+2.3* 27.1£1.9 21.9+0.4° 20.8+2.0°
6 777 2-Butanone 7.4+0.6" 6.1£0.3° 5.7+0.1° 5.0+0.2°
7 868 Butanoic acid 10.7+1.4° 13.8+5.3% 24.4+52° 22.545.7%
8 890 2-Heptanone 24.0+4.1° 24.442.1° 28.9+11.2" 44.6+5.7°
9 975 UnKnown 32.6+1.3* 26.4+2.0° 28.2+2.7° 28.0+1.8°
10 1091 Hexanoic acid 7.0£1.0° 6.5+0.5° 7.1+0.7¢ 11.4£5.7*
11 1166 2-Nonanone 22.5+2.0® 20.3+0.3° 22.3+1.5% 25.0+3.5%
12 1249 Octanoic acid 3.6+0.5" 3.2+0.1° 3.5+0.2* 4.6x1.7°
13 1278 2-Undecanone 7.5£1.2% 6.3+0.2° 7.9£1.1% 9.0+2.0
14 1350 Decanoic acid 2.9+0.8% 2.0+0.2% 2.4+0.4% 2.9+1.7°

DRI: Retention Indices (RI) were calculated using n-paraffin hydrocarbons (C4-C,,) as external references.

YMean=SD (n=3)

*Means with the different letters in the same row are significantly different by Duncan’s multiple range test (»p<0.05).
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Fig. 2. Total peak areas of the volatile aroma compounds by the
different levels of the saccharified buckwheat solution. *Means
with the different letters are significantly different by Duncan’s
multiple range test (p<0.05).
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Table 3. Concentration (ng/mL) of the major volatile aroma compounds in the fermented milk by different levels of saccharified

buckwheat solution

Peak

Contents of BSS" (%)

RI? Compounds
No. P 0 10 20 30
4 674 Diacetyl 1.524 2.19° 249" 273
8 890 2-Heptanone 0.03¢ 0.03¢ 0.05° 0.09*
11 1091 Hexanoic acid 17.984 16.93° 18.19° 27.23*

YBuckwheat saccharification solution

PRI: Retention Indices (RI) were calculated using n-paraffin hydrocarbons (C¢-C,,) as external references.
*Means with the different letters in the same row are significantly different by Duncan’s multiple range test (p<0.05).
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Table 4. The pH and titratable acidity of the fermented milk during 24 h fermentation

Contents of

Fermentation time (h)

BSS" (%) 0 6 12 18 24
0 6.77+0.03 5.05+0.17° 4.5120.09° 431£0.05° 424+0.05°
" 10 6.80£0.02° 4.96:£0.04% 4.4120.08° 4.15+0.03" 4.06£0.03"
p 20 6.80£0.03° 4.77+0.08% 4.40+0.13° 4.13+0.03" 4.02+0.01%
30 6.80£0.02° 4.65+0.13° 420+0.05° 4.10+0.02" 3.9940.02¢
. 0 0.09£0.01° 0.65+0.04° 0.85+0.05° 1.0120.01° 1.15+0.05"
Tltr?‘ctl%‘ble 10 0.09:0.01° 0.68+0.07° 0.89:£0.09° 1.02+0.01° 1.200.04%
ac(%‘)ty 20 0.08+0.01° 0.70+0.04* 0.89+0.08° 1.040.02% 1.2120.04%
30 0.09+40.01° 0.7240.04° 0.91+0.06" 1.06+0.02° 1.23+0.02°

YBuckwheat saccharification solution
"Mean+SD (n=3)

*Means with the different letters in the same column are significantly different by Duncan’s multiple range test (»<0.05).
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Fig. 3. Viscosity of the total samples after 24 h fermentation.
*Means with the different letters are significantly different by
Duncan’s multiple range test (p<0.05).
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Table 5. Color values of the fermented milk after 24 h
fermentation

Contents of Color values
BSSY (%) L a b
0 83.6+0.3% 4.1£0.4° 11.24+0.3
10 83.7+0.2* 3.8+0.2° 10.5+0.2°
20 83.1£0.2% 3.8+0.2° 10.9+0.3°
30 82.4+0.4° 3.8+0.1° 11.2+0.2°

DBuckwheat saccharification solution

YMean+SD (n=3)

*Means with the different letters in the same column are significantly
different by Duncan’s multiples range test (p<0.05).

Table 6. Viable cells count of the fermented milk after 24 h
fermentation

Contents of BSS" (%)

Viable cell count (Log CFU/mL)

0 8.4+£0.2%Y
10 8.7+0.2°
20 8.7+0.4°
30 8.8+0.2°

DBuckwheat saccharification solution

YMean+SD (n=3)

*The different letters are significantly different by Duncan’s multiples
range test (p<0.05).

Ao S-S EXAITE 7189 AT AY4ES 2 AT
S 2o g, Ql, HE, UEE, ZF 59 77123 vERl|
o3l fAkte] Ago] EX1E F Qthe ATFdzrt Hasoe] 9l
=831, ¥ Ao = wde] EAsk= thge] duld) 2o
fr, F714d 2 vER g |WEE I3 HgoA AL
glucose, maltose, maltotriose 5ol 23] FAkAe] o] S =
Aokar I 4 Qo

[0 do

o Ok
el =

2 dFoMe MES aaXTE Sl 9AR &, JUEES
gajste] dafol Hrista 3y e DEEAAS Y
skt $Ed ffkﬂ*é‘vf’——"— HS-SPME7|"{-& ©]-&-3to GC-FID
9} GC-MSE EA3I97, BHaEAL 2447k BEgA7= E<t 6
AlZF F712 pHE}F 2 Xé E% S4sI0m, 2407 HEAIZ §



WRe A RE R 37

Aot Ax AF4E 4 9 HasiAch

KetoneF9} acidi7l 2 AN EH vd T3} &9
7hFo]l SV E Ha Rt 22 FAIFNA APFAA HY &
S U+ diacetyl?t 38 &3} freshS F-oI3= 2-heptanone, At
HFHZE W= butanoic acid7t 716133, A% &S s e
acetic acid®} acetone &2 U= 2-butanoneo] 71433t} wEbA
]“LO— TS A Rl JrIgeEx FriEde] MU
I IAE A, I dRle 2= nAESH aRlo] Y A

w ol tigh Ak 712 ArF "asirta ddE
wd g3l gde] Hrigo] F7ME4E pHe 2E 6A7H
7 FABA Hadte AT Holthr) o|Fd= ghwks] 7+
B, AmE a9t dom A A 6M17F F7HX
1A —2“7]'3]'—‘5 AEE Ho|tpy} o]Fele gtalA F718HA
ol casein®] AHA o2 AHojH 7] uH_,_oﬂ Fah=
o] H7teko] Z7VeRE dAHA #iske 74
HoS Y= Latee] v«]ﬂ ztol&
U &
o

N

r
B -101'

_4

ﬂ

iolnﬂ s }oq o) WA AL ¢ + A%
B7hitel el et —wu %

References

1. Sanchez-Segarra PJ, Garcia-Marinez M, Gordillo-Otero MJ, Diaz-
Valverde A, Maro-Lopez MA, Moreno-Rojas R. Influence of the
addition of fruit on the mineral content of yogurts: nutritional
assessment. Food Chem. 70: 85-89 (2000)

2. Hood SK, Zottola EA. Effect of low pH on the ability of Lacto-
bacillus acidophilus to survive and adhere to human intestinal
cells. J. Food Sci. 55: 506-511 (1988)

3. Yang SJ, Yoon JW, Seo KS, Koo HC, Kim SH, Bae HS, Baek
YJ, Park YH. Prophylactic effects of Bifidobacterium longum
HY8001 against Escherichia coli O157:H7 and Salmonella typh-
imurium DT104 enteric infection and evaluation of vero cyto-
toxin neutralizing effects. Kor. J. Appl. Microbiol. Biotechnol. 27:
419-426 (1999)

4. Lee SY, Shin JR, Lim SH. Effect of drinking fermented milk on
the improvement of defecation in constipated female students.
Korean J. Human Ecology 12: 265-274 (2003)

5. Lee YW. Effect of fermented milk on the blood cholesterol level
of Korean. J. Fd. Hyg. Safety 12: 83-96 (1997)

6. Back YJ, Bae HS, Kim HY. In vivo antitumor effects of lactic
acid bacteria on Sarcoma 180 and mouse lewis lung carcinoma.
Cancer Res. Treat. 23: 88-197 (1991)

7. Ahn YT, Lim KS, Huh CS. Current state of functional yoghurt in
Korea. J. Korean Dairy Technol. Sci. 24: 29-42 (2006)

8. Gibson GR, Fuller R. Aspects of in vitro and in vivo research
approaches directed toward identifying probiotics and prebiotics
for human use. J. Nutr. 130: 3915-3955 (2000)

9. Shahani KM, Chandan RC. Nutritional and healthful aspects of
cultured and culture-containing dairy foods. J. Dairy Sci. 62:
1685-1694 (1979)

10. Routray W, Mishra HN. Scientific and technical aspects of yogurt
aroma and taste: A review. Compr. Rev. Food Sci. F. 10: 208-220
(2011)

17423 EREA ol A5 A+ 273

11. Condurso C, Verzera A, Romeo V, Ziino M, Conte F. Solid-phase
microextraction and gas chromatography mass spectrometry anal-
ysis of dairy product volatiles for the determination of shelf-life.
Int. Dairy J. 18: 819-825 (2008)

12. Beshkova DM, Simova ED, Frengova GI, Simov ZI, Dimitrov
ZhP. Production of volatile aroma compounds by kefir starter cul-
tures. Int. Dairy J. 13: 529-535 (2003)

13. Marshall HG, Pomeranz Y. Buckwheat description, breeding, pro-
duction and utilization. Advances in cereal and technology. Amer.
Assoc. Cereal Chem. 5: 157-210 (1982)

14. Kim JS, Park YJ, Yang MH, Shim JW. Variation of rutin content
in seed and plant of buckwheat germplasm (Fagopyrum esculemtnm
Moench). Kor. J. Breed. Sci. 26: 384-388 (1994)

15. Choi BH, Kim SK, Park KY, Park RY. Agronomic Characteristics
and Productivity of Genetic Resources in Buckwheat (Fagopyrum
esculentum Moench). pp. 24-25. In: Korean Society of Crop Sci-
ence Conference. May 13, Yeungnam University, Gyeongsan,
Korea. Korean Society of Crop Science, Gyeongsan, Korea
(1995)

16. Lee EH, Kim CJ. Nutritional changes of buckwheat during ger-
mination. Korean J. Food Culture 23: 121-129 (2008)

17. Sharma RR, Demirci A, Beuchat LR, Pett WF. Inactivation of
Escherichia coli O157:H7 on inoculated alfalfa seeds with ozon-
ated water and heat treatment. J. Food Protect. 65: 447-451
(2002)

18. Shibata S, Imal T, Ghikubu S, Miyyahara T. The composition of
buckwheat flour of various varieties and cultivated at various
periods. Rept. Natl. Food Res. Inst. 34: 1-7 (1979)

19. Jung DW, Nam ES, Park SI. Effect of green tea powder on
growth of lactic culture. Korean J. Food Nutr. 18: 325-333 (2005)

20. Kim GM, Shin JH, Kang MJ, Yang SM, Sung NJ. Preparation
and characteristics of yogurt added with garlic powder. J. Agr.
Life Sci. 44: 49-56 (2010)

21. Lee JY, Bae HC. Preparation of fermented milk added with pow-
der of Opuntia ficus-indica var. saboten and its sensory character-
istics. J. East Asian Soc. Dietary Life. 19: 967-974 (2009)

22. Lee IS, Lee SO, Kim HS. Preparation and quality characteristics
of yogurt added with Saururus chinesis (Lour.) Bail. J. Korean
Soc. Food Sci. Nutr. 31: 411-416 (2002)

23. Nam YJ, Mok CK, Park DJ, Koo KH, Jung KS, Choi TD. Com-
mercialization study of grain yogurt. Korea Food Research Insti-
tute, Seongnam, Korea. p.26 (1993)

24. Um SS, Yoo JC, Ko YT. The effects of starch addition on acid
production by lactic acid bacteria and quality of curd yogurt.
Korean J. Food Sci. Technol. 25: 747-752 (1993)

25. Kang HN, Kim CJ. Effect of single or mixed culture of Lactoba-
cillus bulgaricus and Streptococcus thermophilus on fermentation
characteristics of Buckwheat sprout-added yogurt. Korean J. Food
Culture 25: 76-81 (2010)

26. Buchholz KD, Pawliszyn J. Optimization of Solid-Phase
Microextraction Conditions for Determination of Phenols. Anal.
Chem. 66: 160-167 (1994)

27. Bang BH, Park HH. Preparation of yogurt added with green tea
and mugwort tea and quality characteristics. J. Korean Soc. Food
Sci. Nutr. 29: 854-859 (2000)

28. Rasic JL, Kurmann JA. Yoghurt: Scientific grounds, technol-
ogy,manufacture and preparations. Technical Dairy Publishing
House, Copenhagen, Denmark. p. 466 (1978)

29. Antinone MJ, Lawless HT, Ledford RA, Johnston M. Diacetyl as
a flavor component in full fat cottage cheese. J. Food Sci. 59:
38-42 (1994)

30. Chun SH, Lee SU, Shin YS, Lee KS, Ru IH. Preparation of
yogurt from milk added with purple sweet potato. Korean J. Food
Nutr. 13: 71-77 (2000)

31. Kim KH, Ko YT. The preparation of yogurt from milk and cere-
als. Korean J. Food Sci. Technol. 25: 130-135 (1993)




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 1200
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 1200
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


