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Development of a Burnt Beef Flavor by Reaction Flavor Technology

Ki-Won Kim and Hyung Hee Baek*
Department of Food Engineering, Dankook University

To develop a burnt beef flavor by reaction flavor technology, hydrolyzed vegetable protein (HVP) was reacted
with precursors. Ribose, cysteine, furaneol, thiamin, methionine, garlic powder, and phospholipid were selected
as suitable precursors for producing a burnt beef flavor. HVP and the selected precursors were reacted in a high
pressure reactor to optimize reaction parameters, such as temperature, time, and water content. Optimum
reaction conditions were 130°C, 1 hr, and 7.5% water addition. A burnt beef flavor was generated without pH
adjustment. On the basis of an omission test, cysteine, furaneol, thiamin, and garlic powder were evaluated for
‘optimization using response surface methodology. The optimum composition of precursors was determined to be
~ 7.7% cysteine, 7.3% furaneol, 2.1% thiamin, and 6.9% garlic powder. Based on these results, optimum reaction
conditions for the production of a burnt beef flavor from HVP were 5% ribose, 5% methionine, 5%
phospholipid, 7.7% cysteine, 7.3% furaneol, 2.1% thiamin, 6.9% garlic powder, 7.5% water addition, 130°C

reaction temperature, and lhr reaction time.
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B Ao ARESE HVPE GWIS-27E Algwol A-g-3t
9t} Reaction flavor?) ATEAZ AME3E thiamind} "l& ¥
oo FGENAEAC 25 E AlFuekom, furancok> Firmenich
Co., (Castet, France)ZFE] TY3I3tt. 2 ]9 D-ribose, L-
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Table 1. Precursors used for the development of a burnt beef
flavor

Sample No. Precursor
1 H+R?+CY
2 H+R+T*
3 H+R+D¥
4 H+R+F
5 H+R+C+D
6 H+R+C+F
7 H+R+C+D+F
8 H+R+C+F+T
9 H+R+C+F+T+M"
10 H+R+C+F+T+G¥
11 H+R+C+F+T+L?
12 H+R+C+F+T+M+G+L
13 H+R+C+F+T+M+GP?
14 H+R+C+F+T+M+A"
15 H+R+C+F+T+M+A+GP
16 H+R+C+F+T+M+A+PL?

17 H+R+C+F+T+M+GP+PL

UH: HVP, ®R: rbose, PC: cysteine, “T: thiamin, D: diacety!
(approximately 100 pL), ®F: furaneol, "M: methionine, ¥G: glycine,
IL: lysine, '”GP: garlic powder, 'VA: acetaldehyde (approximately 125
uL), ""PL: phospholipid.

Instrument Co., Suwon)Z ©]-&-3FATh(Fig. 1). +4 reaction
flavor A2kl T oA whgewel aNEEE AR
93 AYL AAEAT 502 HVP tisll F3u| =2 742
5%2] ribose, cysteine, thiamin, furaneol, methionine, “FS<
9t @ phospholipid® E@ate] I - 29 WHETIAIA Wk
o5 100, 130 ¥ 150°CE, wHkEEE 10034 200 pm
2 WA A7 HeAIR B AR FEAS FEHe
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Fig. 1. Schematic diagram of a high pressure reactor.

@ reactor, @ heater, @ controller, @ reactor thermocouple, &
heater thermocouple, ® analogue pressure gauge, (D automatic
heater switch, magnetic driver, @ motor, impeller, @
circular pump, @ safety relief valve, @ purging valve, in, @
purging valve, out.
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Table 2. Levels of the amount of precursors expressed in coded
and natural unit for a burnt beef flavor
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Table 4. Aroma properties of a burnt beef flavor depending on
various reaction conditions in a high pressure reactor

Independent variables (% of HVP)

_ .
Code units Cysteine Furaneol Thiamin Garlic
powder
-2 0 0 0 0
-1 25 2.5 2.5 2.5
0 5 5 5 5
+1 7.5 7.5 75 7.5
+2 10 10 10 10

YCode units are given by the following equations: Cysteine=(Cysteine-
5)/2.5; Furaneol=(Furaneol-5)/2.5; Thiamin=(Thiamin-5)/2.5; Garlic
powder=(Garlic powder-5)/2.5.

Table 3. Aroma properties of various reaction flavors

Sirgl?}e Aroma properties
1 Burnt beef favor, Strong burnt
2 Yeast extract, Burnt beef flavor
3 Fishy
4 Scorched, Beef flavor, Boiled soybean sauce
5  Burnt rubber
6  Bumnt beef favor
7  Seaweed-like
8  Baked potato, Boiled soybean sauce, Scorched
9  Baked potato, Boiled soybean sauce, Scorched, Sesame oil
10 Burnt rubber
11 Strong burnt rubber
12 Baked potato, Boiled soybean sauce, Scorched
13 Sesame oil, Seaweed-like, Burnt
14  Sesame oil, Bumnt rubber
15  Seaweed-like, Sour
16  Burnt rubber

17 Burnt beef flavor

YSample numbers correspond to those in Table 1.
e A% 949 309 AUE G ATELl

kil ém }aim% *l?ﬂ@ﬁr—h SAS
program-2 ©]-%3}] one-way ANOVA$} Duncan’s multiple
range testol] 2131A 2143 (p<0.05)2 A7 A TH.

sl EeEAY

ATEd 24L FHAskstr] At 509 HVPl z4z)
5%%] ribose, methionine 2 phospholipidE 7]¥ base® S}al
cysteine, furaneol, thiamin ¥ vlEE¢S SYHTLE b b
SEHREAYE A5t U 7R SHWES, S, cysteine,
furaneol, thiamin¥} PFE2@e] HVPY| it SF ¥l(%)=
Table 29} 7o}k F58bel gk ol F2o s Faiaith

Z=(X-X/AX

A7A, 7= HEskE 7k XE AAR, Xv 24 AX
= 79 1 99 sigebs Xo| FrRFeIth 7F Sy
oA A2, ~1, 0, 1, 2)E F-35359tH(Table 2). 23

H[I

Reaction condition Aroma
Temperature (°C)  Time (hr) rpm description

100 1 100 R
130 1 100 Burnt beef flavor
150 1 100 Burnt rubber
100 1 200 -
130 1 200 Fatty
150 1 200 Burnt

YNot reacted.

Table 5. Effect of water addition on the generation of a burnt
beef flavor

Water added (%)" Aroma description

0.0 HVP-like

2.5 Sour

5.0 Burnt

7.5 Bumnt beef
10.0 Beef jerky
12.5 Beef jerky
15.0 Beef jerky

Y = b+ZbX+2bX +ZZbXX (<)

i=1 i=1j=2

714, b EH, b, b, b= AAAF, X, XE FE235}
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Original
oily

fishy bumt

sweet salty

L

beef jerky beef soup

Phospholipid—
oily

fishy burnt

sweet salty

ki
L

beef soup

beef jerky

Garlic powder-

oily

fishy burnt

sweet salty

ki

beef jerky beef soup

Furaneol-
oily

fish burnt

sweet salty

Ly

beef jerky beef soup

Ribose—
oily

fishy bumt

sweet salty

&

beef jerky beet soup

Methionine—
oily

fishy bumt

sweet salty

beef jerky beef soup

Thiamin—
oily

fish bumt

sweet salty

ko

beef jerky beef soup

Cysteine—
oily

fish bumt

sweet salty

kg

beef jerky beef soup

Fig. 2. Quantitative descriptive analyses of burnt beef flavors in omission test.
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Table 6. Effect of precursor removal in reaction system on
acceptability

Table 7. Central composite design of 31 runs for the study of
four experimental factors

Precursor Acceptability”
Original” 60°
ribose removal 3
phospholipid removal Sy
methionine removal 49
garlic powder removal 45"
thiamin removal 44
furaneol removal 39
cysteine removal 37

UAcceptability was measured by marking 7 ¢cm bar.

A0riginal consisted of 50 g HVP, 5% ribose, 5% cysteine, 5% thiamin,
5% furaneol, 5% methionine, 5% garlic powder, and 5% phospholipid.
YValues with different superscripts are significantly different (p<0.05).

ABJTHAIE no. 5~8). 72 A3} furaneole] WH-(AE no.
el ols Fo H37] ol WHES o F YATh 2
of ol At "l phospholipids ofe] 7hA] HA-EHE Ht
AAR AR ¢ HNFEE Adshe 37EEREL
HVE ribose. cysteine, furaneol, thiamin, methionine, W}E5
% @ phospholipidg 2 sFATHAE no. 17).
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ARt B2y #8237
F ol vl FoF AAEN Maillard WHEol B4H o)
. uh, o] sl ke = 180°Co Al 158 o (wElA]
we 2holMe o AAZhE AlgkEe] e o= IOFL
(International Organization of Flavor Industries)oll 4] AAlgh
reaction flavor Azl i Ao Yutxog s
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Independent variables ' D\?sgg&eent
Run no. '
Cysteine  Furapeol  Thiamin gijg; Akc)gleiga-
! 5 -1 -1 -1 51
: : 1 1 53
; ! ! -1 -1 61
: ! ! -1 -1 69
° N L 1 -1 61
o ; 1 L -1 66
] ) ! 1 -1 57
s f ! 1 -1 53
’ % 1 -1 1 45
10 1 -1 1 1 s4
. K ! -1 1 59
z ! ! -1 1 69
1 5 -l 1 1 43
14 1 1 1 | 46
15 -1 i 1 1 18
16 i 1 1 1 -
18 2 0 0 0 53
19 Q ) 0 0 16
20 0 2 0 0 5
21 0 0 ) 0 60
23 Q 0 Q 2 g
24 4] 0 0 2 52
28 4] 0 0 0 59
29 ) 0 0 0 56
30 0 0 0 0 55
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25 Garlic powder (%)

100 0

Fig. 3. Response surface plots of effects of independent variables on acceptability (A: cysteine vs furaneol, B: cysteine vs thiamin, C:
cysteine vs garlic powder, D: furaneol vs thiamin, E: furaneol vs garlic powder, F: thiamin vs garlic powder).

pH =& 8 3718 Ao 4% FAEd, 259
R 2 I0FI X13ole pH 8& @A Zolok dtyw
skl A 2y HvPe A3EdE &3 A A
JEN7E ol 7] wiFe| ZFEZHYU pH 24 g ads &
olE 4 gt wEbM A|59 pHE =43l diidl, HVP
o 75%2 H7lsle £89 pHE ZF TR A5 pHE
WA, pHE 2% 55 7P bitter, pungent, sour,
Z2]5L burnt rubber flavor 5 3R] = WEko g EA
o] Walslyth webd pHye HIAIIA e FHoez 3y
T}(data not shown).
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tests A3IATE F, Aol 9] AAHE AFEHRAANA
HAFERE s AAGE 8-S AR F, A" FEA
< 1049 FeAALAE] 93 715% ¥ QDAZ A%
At} Omission testE: HAIE7)0) &AM ZE ATEZE 3
7Fe AdelA ka2 A7 F AN ES FFEAsd
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Table 8. Model coefficients” estimated by multiple linear
regression for optimization of a burnt beef flavor
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Table 9. Critical values and true values estimated by response
surface methodology”

Coefficient Factor Critical value True value (%)
Factor Acceptability Cysteine 1.09 17
Constant 56.00 Furaneol 0.91 73
Linear Thiamin -1.19 2.1
C 2 70%* Garlic powder 0.75 69
F 3.79%* UThe percentages of ribose, methionine, and phospholipid were 5%
T -0.79 (w/w) of HVP.
GP -2.38%
Quaélgatic 04 =Z2gWsa 7|5 S S5HSE o] HEEHRAHES Y
P —2:78 e 3 A3= Table 7 # Fig. 30 WERISITE Cysteine™} fura-
T 159 neold# AHAAE AR furaneold o] F7HETE 7S
GP* 0.03 7} 27} 8190, furaneoldtHo] 2 MMM cysteine
Interactions o] FUEFE VAR FUbske ARE UERIG
CXF 1.81 (Fig. 3A). Furaneol® 3317]ol F28 942 a= 7]
CXT 0.56 ARG BB, gl Bebgste] WhgAel A e
CXGP 2.81% AL AT, cysteines}e] W39 2 thiophene} - &F
FXT -3.19%x 78S AT dEA ATH?. Furaneol®] ol9b 2
FXGP 256 e o2 Qs furancoldt cysteine?] Tl SIS 7
TGP 194 ws}b Z7hioT A7hEe] Atk Cysteine?t thiamin?] 4
R? 0.7313 BPAE AHEY, cysteine FFo] E3 thiamin TFFS B
E 311 & 9ol T cysteined} thiaming o] 7 F& W9l
Probability>F 0.016 A 715wt =& ATe HAFUTHFg 3B). Cysteine?
PModel on which X,=Cysteine (C), X,=Furaneol (F), X,=Thiamin (T), opsshakd] gloje CysteineEI]— rlsRute] glgko] LE ok

and X,=Garlic powder (GP).
*#*Significant at 0.05 level.
*Significant at 0.1 level.
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