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Processing Optimization of Potato Flavor by Maillard reaction from Coffee

Silverskin with Response Surface Methodology

Hyeon—Jae Kim

Department of Food Science and Technology,

Graduate School, Pukyong National University

Abstract

Coffee, the leading beverage consumed all over the world, has a large amount
of by—products as much as its consumption. By—products generated during
coffee processing include skin, pulp, parchment and pectin during dry
processing, silverskin during green bean roasting process, and coffee foil
through coffee extraction. Among many by—products, silverskin accounts for
about 4.2% of the weight of the coffee beans. Although it is discarded in large
amounts, dietary fiber accounts for 50 ~ 60% of dry basis of the components,
and silverskin, which shows antioxidant property due to high phenolic
compound content, is mainly studied as a cosmetic additive or a functional food
additive.

In this study, the preparation of potato flavor was optimized by using
silverskin hot water extract to study the application of silverskin to reaction
flavor. Reaction flavor refers to the flavor produced through heating by using
various food ingredients present in food as precursors. The new flavor is

produced through Maillard reaction and Strecker degradation between amino



acids and reducing sugars. Silverskin extracts, DL—alanine, thiamine—HCI, and
DL —methionine were used as reaction precursors, and the optimum reaction
condition was determined through response surface methodology with the
content ratio of each amino acid as an independent variable. The hot water
extract was reacted for 90 min at 100C to prepare potato flavor, and the
reaction solution prepared through the experiment was analyzed by dynamic
headspace analysis with GC—MS. Among the components of GC—MS, the
contents of key compounds affecting potato flavor were confirmed. As a result,
the optimum contents of ingredients of the best potato reaction flavor were 2%
DL—alanine, 1% thiamine—HCI, and 4% DL—methionine. These results confirm

that coffee silverskin is very valuable to produce potato flavor.

Vi
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Figure 1. Manufacturing process of coffee cherry
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analyzer (Hitachi L—8800, Hitachi Co, Tokyo, Japan) & ©]&3}o] A=

2Astr 1 20L vhg3 Zrh(Table 1.).
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Table 1. Analysis condition of High speed amino acid analyzer L—8800

Mo del Hi t achi L-8800

I on ex change

Col umn col umn (4. 6mm X
6 0 mm)
Col umn oven
57 -62°C
t emper ature
Reacti on coil
135 °C
t emper ature
( Pump 1) B 1
Buf f er PH- 1
B 2 : Buf fer PH- 2
B 3 : Buf fer PH- 3
B 4 : Buf fer PH- 4
B 5 : Buf fer PH-RG
Mobil e p hase
( Pump 2) R 1
Ninhydrin
R 2 : Buf fer
R 3 : Wat er
FIl ow rate ( Pump 1) 0. 4ml / min
( Pump 2)
0. 35ml / min
Det ector Ul traviolet (UV)
Wavel ength (Channel 1) 570nm
(Channel 2) 440nm
| j ecti on
2 0 ul

11



8 oAb AR 1gell 0.1M HCl €95 15ml 7Fekal 6071t

sonicators =3 #&A33tt}. SonicatorE: E3 IR FEAL

8,000rpmolA] 10+ AAEe H e Imle lithium citrate
buffer 1ml(0.12N, pH 2.2) ¢} €3+3}31 0.2 #m membrane filter= o3}
3l Amino acid analyzer (Hitachi L—8900, Hitachi Co, Tokyo, Japan)

£ ol&ste] £ o 11 212 v Zvk(Table 2.).

o ZA

ZAWL Bligh—-Dyers] WHS Al&3ste] FES st o A=
20gs Zgado HI T E=FHF 20mlE ¥ stirrer(MS7-H550-S)
2 350rpmel] 5&7F ®Wx]3tt} Methanol 50mlS Y1 10#7F W& 3 =

chloroforme F7l2 50mlS ¥ 11 10#7F wetely 9 =43t =71S
o
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Table 2. Analysis condition of High speed amino acid analyzer L—8900

Mo del Hi t achi L-8900

I on ex change col umn
(4. 6mm X 60 mm)

Col umn

Col umn oven
30-70°C
t emper atur e
Reacti on coil
135 °C
t emper atur e
( Pump 1) B 1: Buf fer
PF -1
B 2 : Buf fer PF- 2
B 3 : Buf fer PF- 3
B 4 : Buf fer PF- 4
B 5 Wat er
B 6 : Buf fer PF-RG
Mobil e p hase
( Pump 2) R 1
Ni nhydrin
R 2 : Buf fer
R 3 : 5% Et hanol
FI ow rate ( Pump 1) 0. 35ml / min
( Pump 2) 0. 3ml / min
Det ect or Ul traviolet (UV)
Wavel ength (Channel 1) 570nm
(Channel 2) 440nm
| j ecti on
20w

13
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7h &4 A%

AzH 3744 2F9 9 AA5RAE] thetel DNS #9F PP A

3,5—dinitrosalicylic acid €9 880mlS &£%3%F F Rochelled 255g%
gafste] A §HS FHgth o]% 10g9 2743 phenols 10% NaOH

fN 22mlo]l gk F &L 71ke] 100mlE A-E3st 69mle] NaOHE

BLNS T3t} o]F AlRE NS 3u)] FAEY] 1mlS FHI H AT
of ¥ A|z¥ DNS AleF 3mlE 7Fste] 100TCoA 5w3F 553 H
Ao o7 WZAl 7131 UV-—spectrophotometerS ©]-€3] 550nmollx] &%

pHe =42 pH meter (Thermo scientific, Orion star A211) & ©]&3}

T ZYdlE SHEY 542 gallic acidg ZFEAR o] SAsL
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v ™A gallic acid solution(Sigma Aldrich, Germany)< 0.1, 0.05,
0.025, 0.0125, 0.00625mg/mlZ HAAFTE T3l 3|4 sto] =n]stt), o] >
Alg 2 FF=89A 400 ¢19] 10% Folin—Ciocalteu reagent 800 1= 7}3t
H vortexing ¥ttt ©]F 0.7M NayCO; 2800 p1E &3st & AF2oA] 30
2 WA g, wkgo]  EFy & UV-spectrophotometerE %3l

650nmolA EF == =743}o] Gallic Acid Equivalent (GAE mg/g) = Al
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£
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olo
o%
2
PN
i
Ho
o,
i
fo
o
o
=
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>
flo
)
N

alanine (Samchun Chemicals, Korea), Thiamine—HCl(Junsei Chemical,
Japan), DL—methionine (Tokyo Chemical Industry Co., Japan) 2. & A%
shglom wgwe AZE Astel TARY AW olgstel 3744 of

S

HQL'

FH| S =YWL R T3 SAS softwareE E3 Ad AAES A
AlelF o of gk AT RIS Table 3. oF #r). A3 Q9 2
DL—alanine®} DL—methionine< # A%t 0.1, Hgk 0.5 Alololq AH

39 1 Thiamine—HCIS #H A%k 0.05, Hthzt 0.25014 A4 3o},
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Table 3. Central composite design for potato reaction flavor

No. Al anin Thi amin Met hi oni n
e e e
1 0 2 0. 1 0 2
2 0 4 0. 1 0 2
3 0 2 0. 2 0 2
4 0 4 0. 2 0 2
5 0 2 0=l 0 4
6 0 4 0_. % 0 4
7 0 2 0. 2 0 4
8 0 4 0. 2 0 4
9 0 1 0 15 0 3
10 0 5 0. 15 0 3
11 0 3 0. 05 0 3
12 0 3 0. 25 0 3
13 0 3 0~ i8R '8 0 1
1 4 0 3 0 et™5 0 5
15 0 3 0. 15 0 3
16 0 3 0. 15 0 3
17 0 3 0. 15 0 3
Coded value -2 -1 0 1 2
Al a nine 0. 1 0. 2 0.3 0. 4 0.5
Thi amine 0. 05 0.1 0. 15 0. 2 0. 25
Met hi oni n
0.1 0. 2 0.3 0. 4 0.5

e

17



HAb Rbe & Axe FAREAEAE Fll A P diE 37HA of

vlaabe] Sgule] MstE Fol Azstglon] 37bx ohuwmatg bsha

Azt o AFESE 719 A= Reacti—-Therm I Heating/Stirring
Module (Thermo Fisher Scientific Co., Rockford, 1L, USA) & AF&-3}%)

Wy R

o

o] B WAL Maillard ¥ AR E, TE,

=
2

545 #lsto] 4Tl WZdE =2 Bassin.

7. Maillard ¥+ AAE 4 g5 =3

+

ANZzHE A vk 1mlS 200mle] screw amber bottle (Supelco) ©l
FH 3] 1087 715 3 F Tenex tube (Tenex—TA 60/80mesh,
20mm, Supelco) ol 54 F2AIZ FH 25L& 241 (ATD 650, Perkin

Elmer, USA)E o] &3] GC—MS9 autosamplerE %3 injectionF-ol &
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Table 4. Analysis condition of headspace GC—MS

Anal ys
i s
. Anal ysi s conditi on
equi pm
ent
HP- 5 MSVI (30m X0. 25mm X
Col umn
0. 25 um)
N2 f | ow 27 ml / mi n

) 35 C(10min)~-8°€/ min-120°(C10mi
condit

n)
i on
12°C/ min-80°%€(7min)-15° min=-2
30°€C( 1T0min)

Il nj ect

230 °C
t emp
Det ect
or 2.5 °C
t emp

20



Table 5. List of major volatile compounds

Compound

Origin

Flavor

References

2,-4-decadienal

lipid degradation

earthy, fatty

Oruna-Concha

et al. 2001

c4-heptenal

lipid degradation

cold boiled

potato

Josephson and

Lindsay 1987

1-octen-3-ol

lipid degradation

earthy,

mushroom

Oruna-Concha

et al. 2001

alkyl pyrazines

Maillard
reaction/sugar

degradation

earthy,

roasted, nutty,

buttery

Maga and Holm
1992; Oruna-
Concha et al.

2001; Coleman
and Ho 1980;
Buttery et al.

1971

Maillard

fruity, fatty,

Duckham et al.

decanal reaction/sugar
floral 2001, 2002
degradation
Maillard
2-and 3- Duckham et al.
reaction/sugar fruity

methylbutanal

degradation

21

2001, 2002



Continued:--

Compound Origin Flavor References
Maillard Oruna-Concha
phenylacetaldehyde reaction/sugar green
et al. 2001
degradation
terpenes (a-
copaene, [3- Duckham et al.
raw tuber fruity, floral
damascenone, 2001
others)

methoxypyrazines

raw tuber/soil

microbes

musty, earthy

Duckham et al.

2001, 2002

Methional

sulfur amino acid

cooked potato

Duckham et al.

2002; Oruna-

Concha et al.

2001

dimethyl trisulfide,

dimethyl disulfide

sulfur amino acid

cooked onion

Duckham et al.

2001, 2002:

Oruna-Concha

et al. 2001

22



Loguk A8 =4 4 2

AR 24 A3 A9E ol Figure 2. o Yebddth w282 4
2 24 flo] 10.2%5 YERS A2 12%°] 0.189] A
s UER L, 2ARS 11.26%E YEH oy 0.59 e 9E o
EfUigltl. o2 Ballesteros et al(2014)9] AFA o= o]
19%, =A%e] 1.6%5 YetdA=tl o= A= dAg ey 719 =

~¥ z7e] me} A7) = 2folz o AtHE T
2. opv| At 24

ofwl A 24 9 ¥ #A AHE Table 69 7o vEgion 4
ofu] - Ato| A aspartic acid’} 0.76mg/gl.® 7Md w2

3l 1 YOS 2 glutamic acid’} 0.66mg/gl.Z A YERSTE 2ol
Ao A= aspartic acid’} 0.079mg/g, alanine®] 0.078mg/gC.= =7
et e obn At 24 oA UEtde PR Yoks ofr| iAol ey
of HojA v ZoF Helt,
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Table 6. Result of total amino acid

Name Content (mg/100g) %
Asp 76.72 12.4
Thr 31.20 5
Ser 45.54 7.3
Glu 66.43 10.7
Gly 44.15 7.1
Ala 44.21 7.1
Cys 659 2.7
Val 26.99 4.4
Met 14.75 2.4
Ile 15.74 A5
Leu 45.32 ik
Ty 17.77 29
Phe 37.86 6.1
Lys 15.54 2.5
NH3 15.88 2.6
His 14.07 2.3
Trp - -
Arg 22.86 3.7

Hypro 31.37 5.1
Pro 37.07 6

Total 620.06 100

1) Not detected
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Table 7. Result of free amino acid

Name

Content (mg/100g)

%

P—Ser
Tau
PEA
Urea
Asp
Thr
Ser

AspNHo
Glu
GluNHz2
Sar
a —AAA
Gly
Ala
Cit
o —ABA
Val
Cys

Met
Cysthi
Ile

7.954
1.483
6.409

4.574

4.922
7.897

1.831

12.3
2.3
9.9

7.6
12.2

2.8
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Continued:--

Name Content (mg/100g)

Leu -
Tyr -

Phe 4.147
B—Ala -
B—AIBA -

vy —ABA 5.802
EOHNH: r

NHs 9.464
Hylys -
Orn B
Lys —
1—Methyl—his ¥
His —
3—Methyl—his =
Ans -
Car -

Arg 6.231
Hypro -

Pro -

8.9

14.6

Total 64.914

100

—) Not detected
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Table 8. Maillard reaction product and total solids

Maillard reaction product

No. Total solid
1 2 3
1 3.157 3.155 3.156 1.7
2 3.150 3.149 3.149 1.9
3 3.137 3.138 3.138 1.8
4 3.144 3.144 3.145 2.2
5 3.164 3.166 3.166 2.1
6 It 74 3.172 3L #0 2.3
7 3.164 3.165 3.164 2.3
8 3.171 s 740 3.171 1.6
9 3.137 3.136 3.136 1.9
10 3.192 3.195 3.192 2.4
11 3.414 3.414 3.414 1.9
12 3.426 3.420 3.427 2.3
13 3.144 3.144 3.144 1.8
14 3.200 3.201 3.200 2.4
15 3.192 3.193 3.195 2.1
16 3.191 3.193 3.191 2.1
17 3.192 3.192 3.191 2.1
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Table 9. Result of major flavor compounds

Area x 10*

No

Dimethyl disulfide Furfural Methional
1 - 32.43 36.53
2 - 37.00 38.93
3 - 40.36 25.40
4 4.16 44.40 25.23
5 - 37.3% 49.54
6 3.42 43.35 67.16
7 4.59 40.26 48.93
8 4.22 47.30 45.35
9 4.21 35.50 10.35
10 5.14 45.32 63.25
11 <5745} 3349 63.38
12 5.92 41.72 50.47
13 1.81 37.57 21.96
14 10.14 47.71 70.38
15 7.22 64.54 101.98
16 7.21 65.62 113.27
17 7.20 64.04 109.85

32



o))
=
olo
5
(2
At
X

BAG Fe 34 ARel dal 2 obulmal gl mE wsF A
29 HABE 93 WFEARLALS QA A3}, Figure 478 99 2ol

Uelyktl.  dimethyl disulfide 2} alanine, thiamine—HCI, methionine?] %+
Frleo] digt A= AlFE 7 FHolu vrol AxpAow {oido] gl

FtE o™ furfural® ofu]=AF &R o] AA= AFE 94 28% % =

rlo

TS YERNA T methionald A AFE 99.65%% viz7HA =
T YIS eIt 18 AL furfural?}t methional®] &2 o3t
& 4 i ofmiAre] sheknl= 747} alanine 0.184%, thiamine—HC1 0%,
methional 0.221% % 2™ (Figure 10.) thiamine®] 3% 282 x}Z A HE-S-
257 WAL 52 9E pHE A8 whEAdo] RFete] Ao o I

2 4 FA ®F Ao AHL,

33



600000 .
Furfural 400000 .
200000 2
—5 $ Thiamine
0 F2
Alanine -

Figure 4. Surface diagram of alanine and thiamine for furfural
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Figure 5. Surface diagram of alanine and methionine for furfural

35



600000
Furfural400000 |
200000 4 £
qnethionine

7
0 =2

Thiamine

Figure 6. Surface diagram of thiamine and methionine for furfural
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Figure 7. Surface diagram of alanine and thiamine for methional
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Figure 8. Surface diagram of alanine and methionine for methional
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Figure 10. Result of optimal amino acid content through response surface

methodology
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