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Abstract This study investigates the quality characteristics and antioxidant
activities of milk jam with black garlic extract at levels of 0%, 7.5%, 15.0%, 22.5%
and 30.0%. The quality of the black garlic milk jam was evaluated on the color,
pH, total acidity, total polyphenol content, total flavonoid content, and 2,2-
diphenyl-1-picrylhydrazyl (DPPH) radical scavenging activity. In color, lightness
(L) and yellowness (b) of the milk jam samples decreased with increasing black
garlic extract levels, whereas redness (a) increased. At higher black garlic extract
levels, the pH of black garlic milk jam decreased from 6.46+0.07 to 5.44+0.01,
and its total acidity increased from 0.277+0.037% to 0.399+0.026%. The total
polyphenol and total flavonoid contents of black garlic milk jam ranged from
144.76+3.51 to 263.41+£2.34 mg GAE/100 g and 24.29+1.31 to 44.81+0.35 mg
QE/100 g, respectively. These values increased significantly (p<0.05), depending
on the black garlic extract level. The DPPH radical scavenging activity was the
highest the milk jam sample containing 30.0% black garlic extract. The results of
this study suggest that black garlic can be used as an ingredient for functional

foods.

Keywords black garlic, jam, quality characteristics, total polyphenol, DPPH radical
scavenging activity
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TR=(Garlic)2 #gt K Lilliaceae) Lales(Allium) 4E2 Ut 324 FdA4
SIUE YA SYOoAotolt). the2 dEj4ls HIRSE et FIRMES SRotl Qe
(Koch®} Lawson, 1996), ¥¢aIHKim &, 2005), FAe}t 3HKim 5, 2010), FF2&
(Choi, 2001), Y 2AHE AsHSharma®} Sharma, 1979), 18 D EU7}5KBanerjee
€} Maulik, 2002: Ruffin® Hunter, 1983)% 22 7]%5°] Attal &A loH, A77]s
AE 7164 TR YRR ol A7 sAE AEE 9 ol&E 1l Slth

a3y usS Aet A] allicin @ pyruvic acidE ABAsH=t], allicino] 3¥A F7AE

QI dially disulfide & sulfide®& Eol=|o] vj-23ka} gto] Ytk (Lawson &, 1991). wetA
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TRs= AJO= H3fsh7|ol= ofgZol Slof e 751817
7] 9ol 23YAF(Lim 5, 2010), EA2 9 5124 7KH]eon
5, 2009) & 7+ A7t XgEo] ghor, Hansanugruml—l-
Barrmger(ZOlO)L 0 0= ms9 sulfideHE 0]-04
s @A A Byt kil Hirgict Wjixq og s
so] AukEe] Wt AaA 7HE 5 stuelth
S Uhs2 40-100C91A 20-50¢ F= SA4A7 =
g5 Foto] Fukse] sty ER9 A557F Aoy
o] 437} &olote & A xH 7}5-&(Shin 5, 2011)2.E,
&/ oA Aol o]Foj2|=1| S-allylcysteine(SAC)
I 22 =43 4HEdY ol 7t nReRE
%’;—% FAtst /45 UEPHTK(Shin 5, 2008). o]={gt Sut
L2 gt 9 Jx =7} 59] #Hsly} 9loj(Choi 5, 2008)
QE](KlmJ—]' Rho, 2011), ©(Ahn, 2021) ¥ 7}-&9 &
Az & MZEL 7154 AF 22 AF7F o]FojA 1L
o)},
Al E54(2020)0] TEH AR HLF, HaF, {71
2 7 5 A AP E= A Aol
golEo] 1AL, Aol RF2 A} 7| o g FEEo] 9]
on 7Iepol= A, hute|Bd, B34 5of Ut g
TETARERETAE AFAGEAC] GEH 20209 =
W AF AR 33 5229 9 qfRold FHE Sy, S|
o7} A Tilo] Tilol S7tste] MdrH] 3.25% /d7dst
k. ool wet B7](Kim &, 2013), F2}2KKoh®} Yang,
2001) 5= 3 :_ £y ﬂroéxx‘:“?f”} ofujzt 1’41-r(50r1gljf Kim,
A= 04?7} P'sl Y= glom ’\]woﬂ— z3 ‘34 z
7t 2z, 54 9 & J7F 934 5 oS 7R
AlFol W= Qe Aol

=]

o
H

o
b

_?L

Ss2 SRR 99T A9 SHEEEA7IEd
THEATEA0A 20200 AHiE HAY vhEE F2TE
7I(WTH-305, DAIHAN Scientific Co., Ltd., Wonju,
Korea)oll g0l 2% 75ColA 237t S4HAIA A Z519
o Sk RS AR Suksd 4919 £2 ¥, A
5%327](Cosmos-660, Kyungseo E&P, Incheon,
Korea)& AH&SEO] 100TOA 6A1ZF &5k A %519
or, 299 4= 13 °Brix, pHE 3.82%°0H, &
2o T 370.17 mg/100 g, SEeE Lol E T
34.81 mg/100 golct. AHEE WABH(C] Cheiljedang,
Incheon, Korea), 333" (Maeil Dairy industry, Gwangju,

Korea), 3(Maeil Dairy industry, Gwangju, Korea)

< A% PrEA FUSHAH.

22 SOis £59 & IH WE Y HE

Subs FE2HE HUksto] Axg YA HfRhH=
Table 13} 200, W34 AZ2 ot 7Y, Ao nE
270 Y5 H7bet1 Suls &3t 2-9.0] HIlEES
gajste] Azttt AEE FE AZWH|(Kitchennice,
Gwangju, Korea)ol @74 ¥1 7}4st9 o 7Hdst= &
ot BHAl A A& Aol:glon, tAEdEA(PAL-3,

Table 1. Ingredient compositions of the milk jam with various contents of black garlic extracts

Samples” Control BG7.5 BG15.0 BG22.5 BG30.0
Black garlic extracts (mL) 0 30 60 0 120
Milk (mL) 250 220 190 160 130
Whipping cream (mL) 120 120 120 120 120
Sugar (9) 30 30 30 30 30
Total 400 400 400 400 400

UControl, 0% black garlic extracts; BG7.5, 7.5% black garlic extracts; BG15.0, 15.0% black garlic extracts; BG22.5, 22.5% black garlic extracts;

BG30.0, 30.0% black garlic extracts.
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Atago, Tokyo, Japan)& °]-835to] D7} 65 °Brix7t ¥
W 7HEE FHorAth 4E A2 A ol Jot
et JE= oF 60CE 714 =0 Y2 5 Aol A2

oA Wy ¥ Wy Bwstd
2.3 24 Mg F=

SE 934 10 goll RFE 7P3P°4 100 mL7]' 13k

rpm, 4CoA 10& &2
Advantec, Toyo Roshi Kaisha, Ltd., Tokyo, Japan) 1
A 23 ZFodIHVacuum Pump, DOA-P704-AC,
GAST Manufacturing, Inc., Benton Harbor, Mi, USA)
sttt

2
e
o>

24 ME =X
M 7 43Mo AlgE 10 g4 3 & HEUH
(SPL Life Sciences, Korea, 90x15 mm)°l ¥l5-7to] ¢

L E dobx] EFEAA|(Spectrophotometer CM-700d,
Konica Minolta, Tokyo, Japan)E ©|-&35t Hunter L
H(FE), apt(FA L), b(EHE)E SR, 7 Al
59 33 9 A% & HAgoE Uitk

25 pH 2 ME £F

Suks 59 A7t 2sto] Alxg Y29 pH
= %£3% A%E pH meter(Orion 2 Star, Thermo
scientific, Singapore)@ &35}t Atr= YA EZ|SH
359 pH7F 8.37H4] =gst=d 2238 0.1 N NaOH

F(mL) citric acid TFFH%)L.2 FHAsto] YERH I
2.6. E=2/n= 22t

FZg 9= TF2 Folin-Ciocalteu phenol reagent
7} =9 Ee¥ed SkEl oo e A3 E9E
d Mo g WS A YR E45ke WAt &
Z9 =329 d=FS Folin-Denis®(Folin®} Denis,
1915)0] wtet ZF A& 0.1 mLol| S7F 8.4 mL, 2N

Folin-Ciocalteu A|2F(Sigma-Aldrich Co., St. Louis,

https://www.ekosfop.or.kr

MO, USA) 0.5 mL ¥ 20% Na,COs(Junsei Chemical
Co., Ltd, Japan) €94 1 mL¥ A2 715 th2 AL
oA 1AZF BAT & 725 nmollA FFE=E SA5H
FEEZAZ gallic acid(Sigma-Aldrich Co., St. Louis,
MO, USA)E ARBstol A2 BE AFHORRE 25285
9] FZ9H= FFH(mg GAE/100 g)= ArEsFAT]

2.7. Z2iE0/E B

Z2tR 0]+ Moreno 5(2000)9] "o weh Al=
9 0.5 mLA 10% aluminum nitrate(Sigma-Aldrich
Co., St. Louis, MO, USA) 0.1 mL, 1 M Potassium
acetate(Sigma-Aldrich Co., St. Louis, MO, USA) 0.1
mL, 99.9% ethanol 1.5 mL ¥ $F4 2.8 mLE A=
7kote] Egotal AL0A 4087 FAgt th2 415 nmO|
A FELE &35 Quercetin(Sigma-Aldrich Co.,
St. Louis, MO, USA)E EEEARE olo] 4L A& AF
Mo gHE 2EE9 EetE ot FHmg QE/100 gl<
Aibst it

2.8 DPPH 2ijZt AAHZY

DPPH(2,2-diphenyl-1-picrylhydrazyl, Sigma-Aldrich
Co., St. Louis, MO, USA) &t} £AE/dL Blois(1958)
9] vFH S W gsto] DPPHYY tish AAFZo] a3tz ZF A
29 F9EE A9, 4 AEY 0.4 mLo| 0.4 mM
DPPH & 1.6 mLE ¥ whiet & 30& A% o=
525 nmolA FF=F 5745t DPPH 2tz &A%
Be Az AHFS FATe FHES 2o e
o] WEEE YESITH

DPPH 2tz £724(%)
= [1 - NE A7179 4% /| A8 23739 &
FE)] x 100

2.9. EAHx2
= B2 33 uhE A3lslglon AdATe] B4R
A2 CoStat(CoHort software, Berkeley, USA) A=
2IE o]gst] Hd EFHAE 6%, Duncan's

multiple range test(p<0.05)2 +43<& HAQsIAt.
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3. 23t { uH

31 Mg
Suks 329 A7bE 2ES 939 Axg ST
ZA3t= Table 29 2t} 92 A& e+ Lk gz
T7F 73.914£0.312 7P =%2H, BG30.0004 31.76+
0.122 R3t=dl, ks F599 Hrige] 7t
Ao £RO| [gho] Wolsiths Adutet 22 Aol
AHSim &, 2014; Wang 5, 2013). AL (azhe= iz
= -7.862% 7P YL, Svks 29 H7Hol St
TE agto]l S76HAtHp0.05). FNE(bFHE 2T
oA 20.90+0.192 7FF &9k3l BG7.50041 18.97+0.98
ojglon, Sk FEH Hrigo] S7Hgol wet Wobs
o} Lee 5(2009)9 AollAE Suks H7F 7] AR Al
Suks FH7E 2719 bk 22.53, Buks 7% H7F 7
9 b?ﬂkﬂ 16328 Sz 7ol $71d45 719 b
#hol Frasts Agelet. vhe2 112 2710 YR
SAE 7S 29 whgo] doju Srkso] HH, Suks
Az DA wE} L, a, bt BF foFoz At
(Shin 5, 2008). & A4 AR Srks 599 Lat
2 23.40+0.14, agr2 1.65+0.04, b3t 1.63+0.032
2, Sk AAY Mo R Qs Suks 59 H7hegol
71l weh 3o s rAsty AN EE= 7R
Ao g Y7t}

Table 2. Hunter's color value of the milk jam with various
contents of black garlic extracts

3.2. pH ¥ Ate

Sukz U349 pHet Ale = Table 33 Ztt Suks
Y349 pHE t277F 6.4640.07, BG7.5(6.17£0.01),
BG15.0(5.91%0.01), BG22.5(5.68+0.02), BG30.0(5.44+
0.0)2 ok 239 H7hgo] S7hatol wet votals
BFE Ber Kim 520113 Lee 5(2009)9] Al
A Sukg A7hgo] S7FEeE A9t AHA|A 0|9 pH
7} Ay 243 fARE A3 B AE = BG30.0
oA 0.40+0.0322 7M¢ &% oH Sus 59 A7hE
o] Z7}1348 oA = Agko|9t) sl Snisg &4
ot 2 £ 2LoA o|RojA R F2 Ha4AH 7
goll s Zwsbt dojdthBae?t Kim, 2002
Jeong &, 2017). ©] 4 & amino-carbonyl B+ Al
carboxyl”7]7} CO; 7FA&E Wslo] AAEHT o8 719
reductone®] AJ==Hl, 2] reductone ascorbic
acide} T2 AHgEA=E o] 4ol 93| pH7L Alot=™ A
T7t 371 Do 5, 1989). Shin 5(2008)% Srhs A
% % Bulso AYElEE Ao pHF A gAd A
o Higled, & AFolA Suks FEHY H7kg
uje} W2e] pH7b Srob 1 Absk o7l AL i
A SrkERe] 4% 1Y § A AMdEE] EaAd
FFe © AR oAZ.

|

&
'z r
01

3.3. &&c/l=s 2 ECEE0/E 2E

Zoks 259 7Y B2 Soks YA 252

Table 3. pH and total acidity of the milk jam with various

Samples” Muprer's el valis contents of black garlic extracts

L (lightness) a (redness) b (yellowness) Samples” pH Total acidity (%)
Control 73.91:0.317%  -7.8610.13° 20.90:0.19° Control 6.4610.077% 0.28+0.04°
BG7.5 49.68+0.61° 2.34+0.09° 18.97+0.98° BG7.5 6.17+0.01° 0.32+0.03
BG15.0 40.27+0.18° 3.86£0.14° 16.12£0.12° BG15.0 5.9120.01° 0.33+0.02°
BG22.5 36.15£0.23° 4.07+0.09 13.72+0.09° BG22.5 5.68+0.02¢ 0.35:0.00®
BG30.0 31.76£0.12° 4.62+0.05° 9.130.13° BG30.0 5.44+0.01° 0.40£0.03°

Control, 0% black garlic extracts; BG7.5, 7.5% black garlic extracts;
BG15.0, 15.0% black garlic extracts; BG22.5, 22.5% black garlic
extracts; BG30.0, 30.0% black garlic extracts.

2Values are meantSD.

IMeans with different letters in the same column are significantly
different by Duncan's multiple range test (p<0.05).

100

Control, 0% black garlic extracts; BG7.5, 7.5% black garlic extracts;
BG15.0, 15.0% black garlic extracts; BG22.5, 22.5% black garlic
extracts; BG30.0, 30.0% black garlic extracts.

2Values are meantSD.

IMeans with different letters in the same column are significantly
different by Duncan’s multiple range test (p¢0.05).
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FEYHE &

2 ZetH ole %%% Table 49+ .
Suks FEAE F7FEHA F2 ¢

39 FEHE TF
144.74£3.51 mg GAE/IOO gol9lol, Suks &9
< 37K 43R SEYHE - 192.97- 63 41 mg
GAE/100 go & Suls &9 o] 37145 SEY
HE T2 FHo R F76tATHp(0.05). ol Jth
Jeong 5(2013)9] Ut F=FET Svks =49 32
29|E eFo] Eokthe B9} Taek 5(2016)9 Ao
A ok vt $71ESE Suks 93 HRYo &
2= ke s S/ e AT AT AR 4
Foldtt.

EZ9EA IFE F ol
of g x50 gl AAFA
HlZoto] AT, PAEH T HF 3
HUEI QIti(Vijaya &, 1995). s 29 A7
gejgt Yago EgE ot kS EA% AaK(Table
4), BG30.001A4 44.81+0.35 mg QE/100 gl.& 7} &=
okor BG22.5(42.40+0.79 mg QE/100 g), BG15.0
(40.98+ 1.74 mg QE/100 g), BG7.5(38.7241.06 mg
QE/100 g), th27(24.29+1.31 mg QE/100 g) +°&
UERT Choi 5(2016)2 AolAE Ags=st Sof
T F29 AriFo] 37HESE 1Y SEE olE 9
Fo] §99202 F7Hp(0.05)3H= AFeR Suks &

4 5% H7F Al di2Fo] v FETE 0| Aol oF

or{oJ

op

Table 4. The contents of total polyphenol, flavonoid in the milk
jam with various contents of black garlic extracts

Samples” Total polyphenol Total flavonoid
(mg GAE”/100g) (mg QE/100g)
Control 144.7443 5199 24.29+1.31°
BG7.5 192.97+17.18° 38.7241.06°
BG15.0 214.79+10.01° 40.98+1.74°
BG22.5 238.3747.40° 42.40:0.79°
BG30.0 263.4142.34° 44.8140.35°

"Control, 0% black garlic extracts; BG7.5, 7.5% black garlic extracts;
BG15.0, 15.0% black garlic extracts; BG22.5, 22.5% black garlic
extracts; BG30.0, 30.0% black garlic extracts.

2GAE, Gallic acid equivalent; QE, Quercetin equivalent.

Values are mean£SD.

“Means with different letters in the same column are significantly
different by Duncan’s multiple range test (p¢0.05).
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68% S7IStLt. & AFolAe ks 35 30% H7t
] EH—‘—:TLOTI H]EH ok 84% **7]'931‘—‘—13“ O] u].__ zzo}]
9] = zlojo] oJat Aoz M=

3.4 DPPH 2jCjgt AAHEY

Sk F29 A7FERE gEioto] AlxS Y3y A
s} 84S E9157] 93 DPPH iz 4AEAE o83
¥om 1 AIk= Table 59 Zoh. WA B3 DPPH
g 2AZA0] 70.14+0.96%% UERE, BG7.5%
79.07+3.17%, BG15.0& 83.19+1.30%, BG22.5%
85.50+1.35%, BG30.02 90.83+1.18%% Euls &
HO| H7tegFo] F7Ietol whet gitel /ol Frlete A
S HAt} o]+ Lee 5(2009)9 Ao Suks H7MF
g 2T 7] AR Al Suks AH7FFo| S71ESE At
3} &40l 37K A 7330l
th. 3 Shin 5(2010)9] AoME Soks 559 A
7V 2Et A719 AR A Suks FE2E A7Fel §
7t E}E} édjlmu DPPH 2z *7% /3% ABTs 2t
FYH o= F7Kt A
370l 7lojol= ACE wekE

i

|

Ao FelE st vise

nN'

Z 0] f{%@} %”*é

3.5, &&5/l=, E3/2x0/=
&EEA
ks 2 WHEE 9 23%‘91 T2,

SepaicolS P 9 G B 219 4

By ¥ gMs 28 29

Table 5. DPPH radical scavenging activity of the milk jam with
various contents of black garlic extracts

Samples” DPPH radical scavenging activity (%)
Control 70.14:0.967

BG7.5 79.07£3.17°

BG15.0 83.19£1.30°

BG22.5 85.50+1.35°

BG30.0 90.8311.18°

"Control, 0% black garlic extracts; BG7.5, 7.5% black garlic extracts;
BG15.0, 15.0% black garlic extracts; BG22.5, 22.5% black garlic
extracts; BG30.0, 30.0% black garlic extracts.

2Nalues are mean+SD.

IMeans with different letters in the same column are significantly
different by Duncan’s multiple range test (p¢0.05).
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A3M= Table 63 Fig. 13 2t} SEeds o] &2
S ZetRo|E e DPPH gz A7 %0 &3to
o, AASE 27 0.927, 0.976°0.2 =2 Ao A
AE B} E3H EgkE ol ghefo] &84% DPPH
gz 2AG0] =4 veigon, AdAs= 09278 =

2 Ao 4BeAE B3t Gu 520179 Hew, B
W3} Sehaicol= § G4k} o] Z71HA PAISH B
YE Z7KItka Baslo] 9o, ol RS DPPH

O AT WHS JuEAs 9 oz B,
o ANES FYNLY, Zuks FEAL PAT R, G
Aok B4 5 AYTH] ot 7154 AAE BEA7
AT Aos AZE, Joks B8 AYISHE AL
A A ZAE T S 9 Ao Amdr

4. 29
2 QATE vhse] o84E S| W) Boks FE
& 285t Y2488 Az

Table 6. Correlation coefficients among total polyphenol contents,
flavonoid contents, and DPPH radical scavenging activity of the
black garlic milk jam with various contents of black garlic extracts

Factor” TPC FC DPPH
TPC 1.000 0.927™ 0.976™
FC 1.000 0.927"
DPPH 1.000

TP, total polyphenol contents; FC, flavonoid contents; DPPH, DPPH
radical scavenging activity.
“p0.001.

o H3lE AWET HE ARES S q‘% A7t
Fol werE A4 °«W°l M(p<0.05) FAHE

ehdsich, 59 A5 Soks 229 4ol 371
uat g 9 AT u-o]-zﬂ o, AN =759}
Z0s WY pHE Suks 529 F71F 271 vt
Aot oH, Aee 7ol S7kte] met St
sE2HE % EEeolE §F2 Shks FEY WM
o] S71&4= S715t9 e, DPPH 2tz £A8Y Edt

329 Wrigo| Z/14F P4 BHo| 9HOR F
7P Aow uepith. 298 F6 2 1) Suks #2
o] DB FHS FA] JFS WAL Ao Mo},
® ATE Sohsg BEdte] PAT BYS 2 7154
AF LS U NZARE BT 5 UL Ao 47
=i

ATAAMEIAAS: PJ01343602)
7}4\ o]

.
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20

Total flavonoid contents (mg/100g)
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Fig. 1. Correlation between total polyphenol contents, flavonoid contents and DPPH radical scavenging activity (%) of the black garlic

milk jam with various content of black garlic extracts.
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