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Abstract

The effects of black garlic (Allium sativum L.) addition on the quality characteristics of low-fat and low-salt meatballs
during cold storage were investigated. Meatballs were divided into five groups: none (control), 0.1% ascorbic acid (T1), 1%
black garlic (T2), 2% black garlic (T3), and 3% black garlic (T4). pH and lightness values were lower in the treatment
groups than in controls by storage time. pH and lightness values were decreased with increasing addition of black garlic
(p<0.05). Addition of black garlic to meatball resulted in significantly higher TBARS values than that of control and T1 at
day 1 (p<0.05). However, the addition of black garlic to meatball resulted in significantly lower VBN values than that of
control after storage for 14 d. On day 14 or 21, the VBN values of meatball with added black garlic were lower than those
of control and decreased with increasing addition of black garlic (»<0.05). Although addition of black garlic produced low
acceptance of color scores, the flavor, tenderness, and juiciness of meatball with added black garlic were similar to those of
control and T1 (»>0.05). Based on the current results, addition of black garlic could be recommended for preventing protein
degradation in low-salt and low-fat meatball. Further, black garlic could be useful to the pork meat product industry as a

food additive.

Key words: meatball, black garlic, storage characteristics, meat quality
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Aol 5 RE
marination ¥ 7AZZZ(Choi et al., 2006; Yang et al.,
2009), AE AF(Hah er al., 2005), £ Fa17] FIS
(Kim and Kim, 2007), I4HEY 2 AFEH(Cho er dl,
2002)2 &-83F =7}, Transglutaminase(Lee and Chin,
2009) H71eE AT, & EUUung er al., 2004) S5,

Bacillus polyfermenticus SCD ®2 FEE(Kim et al,
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20060) HZH] 59 7eA 7S £ o8t oy
gt #5F 5SS F U= A7) ol FolA sith

vl (Allium sativum L)) 735 553 81} 3R allicin,
diallyl sulfide % diallyl trisulfidecl] 23+ Aoz Thkst
Ae] A (Agarwal, 1996)S 7AW, A AAZH o2 23]
5 % oEE oHEt AREE o] gith Alliin(S-allyl
cysteine sulfoxide)2 allinase &4l 23] A A Zo=
allicin® 2 &4Jske) 7] K3h, 23 2 o7l 5 =83
A S S allinase E4E alliing allicin® 2 Z43}A]
ZItH(Fenwick and Hanley, 1985). T3t A=< oF 40%
ool TS 7HAAL A=t ol Fo] THEA
DR ottt 23] L BRI Ao} T
vhEE 7FEA fEl9 dEFe]l 34354 S 7HKang and
Hong, 2001)3}= 5, €< 7IsPH vl=9] allylsulfide’} &
A0l 98 allicin® & W3l a4 AT} o)A allicin
o] ZHAEo] nls 5F9Y F53 U S HEAT|AL
doks =T ol el o8 A7} EolA allicin

q

= 0
rol=9} Gyt Z7)s8)7] wlE-o]th(Choi et al., 2008). &
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A 7 = e AFNES S vAE F9)e) 4]
el 71322} Ao, SE, AFEE 2 =k
of g nlEE gt AFETt ohlg} A &3k o] F
27 exrch. whEbA] A7 AFFe] AEFS Asshe F
Aol 23 213 9 2] AsiAIZl A L AR v
ER A F F4 54 7Yl =5 vlAds 59
o] 2m] I 2 SrfEs 83 MRS SAF AZRE
g 71ZAEE AAZA HASHATE

Mz 3 2

AENE ¥ 0|EE M=

Suks 7P R AR F rEEY FEEAC A
£ 89E IRIsluA} Suls B ofAFNIAF - Ayl
ET(C)S}F SAIF gl AMSEs AR of~F
H2F 0.1% H7HA1 T1 2 285uls Ariess 2
1% 7¥&nts A7121 T2, 2% HEnls H7el T3 9
3% ZFEnks H7FEQ) T4Z E-R731e] Table 13} 7o) b
EES AxGT. AR fEHT e =5

FE Fste] 2t Ao AHS 43S S chopper
(MGB-32, Fugee, Korea)s ©]-&3}] 5 mm=Z #4 & =
 AYTEL SYsHA SEHATE WA i E M, &
=, AR, ES FUst 1087 mixing ¥, A 2]
wet APFTiAA, AP, sk, MSG, ©EEt 7R, 1hEeks
e ofAFHILNS 717t FRlste] oAl 1033t A Ete)
At olwf HFE EFES 257} 14-15°C ol3pollA T8
SHATE &3] B AFAEE 50 g¥ w5t PEE
S T F 200°C SRR 303 B3 FATh Ad20lA
T RSl AlF 225 dAST olslE dojmd &
HIE 2 AA] WAaro A 4A13F WA Z S Wzte] 2 A
Z-& 37 EF(polyethylene, 4x6 inch, 2 mil, Assoc. Bag
Co.)ated A7 1932 AAgstlom, 4°C WHaroA 1, 2,
9l 35 APdshaA mlERS] F4 9 A 5A4S BT

I

NELES

pHE A& 10 g& E5F< 90 mL¥} 74 Homogenizer
(T25B, IKA Sdn, Bhd., Malaysia)Z 13,500 rpm®}|A] 10%
ZF 83k pH-meter(8603, Metrohm, Swiss)E =43}
o} & AE SA(CIE value)2 chromameter(CR-400,
Minolta Co., Japan, 10°C standard observer and Model 45/
0 LAV)E AMEdle] mER AR wize s 93
HHE SAsksln). oju, 4 FE L*=89.2, a*=0.921,
b*=0.78301900). 71AEe AR 2719 Mg PAE
g the, H712 200°CA A 90% 4 60% 7HE
sjo] 4431 F Azl AE 243 1D A FAel o

Table 1. The basic formulation of meatball batter with ingre-

dients Unit (%)

Ingredients ¢TI T2 T3 T4
Tenderloin 83.85 83.85 83.85 83.85 83.85
Backfat 7.00 7.00 7.00 7.00 7.00
Fat substitute? 3.00 3.00 3.00 3.00 3.00
NaCl 090 090 090 090 0.90
KCl 040 040 040 040 0.40
Phosphate 020 020 020 020 0.20
Sugar 1.00 1.00 1.00 1.00 1.00
Wine 3.00 3.00 3.00 3.00 3.00
MSG (monosodium glutamate)  0.05 0.05 0.05 0.05 0.05
Pumpkin powder 020 020 020 020 0.20
Mixed spices 040 040 040 040 040
Total 100 100 100 100 100
Black garlic - - 1.00  2.00 3.00
Ascorbic acid - 010 - - -

"Control, without black garlic; T1, meatball added with ascorbic

acid at 0.1% level; T2, meatball added with black garlic at 1%
level; T3, meatball added with black garlic at 2% level; T4, meat-
ball added with black garlic at 3% level.

Ilsolated soy protein, Carrageenan:Maltodextrin:Water = 1:0.5:
0.5:10.
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3 wME-8E AMSAT AAE g thiobarbituric
acid reactive substances(TBARS)= Buege®} Aust(1978)2]
HhHol w2} A& 5 gol butylated hydroxyanisole(BHA) 50
uLot SR 15 mLE H7Bste] #st AR $ 2l |
mLE Alg#ol] Y1 &§7]o]] 2 mL thiobarbituric acid(TBA)/
trichloroacetic acid(TCA) &38-92 Yo &3] &3513H
Th2, 90°Ce] g24Zol|A 1583 Ex2s & WA
3,000 rpmell A 1027 YAEEAATE AR 2159
35S BFste] 531 nmell ST FF=0 5.888 #
3] mg MA(malonaldehyde)/kg® 2 YERAT}. 34
A71EfZASIHE =, volatile basic nitrogen(VBN) &3
(1975)¢] el wet A8 3 goll S/ 27 mLE 718t
14,000 rpmoll A 303 #2% & TZAS o7
(Whatman No. NZ o336t oa7td 2L conway
unit 2R glycering RF2aL &40l o7l | mLE ¥
3 yidell= 0.01 N H;BO, 1 mLe} Z]A]€F(0.066% methyl
red+0.066% bromocresol green)2 31230 uL) 7}5fe] &
7S e T 50% K,CO;, 1 mLE 9] Al43] 38}
At F4o] B &= LA v 8718 FHL
2 wylale] ofelal 50% K,CO:S 2 E37] £ 37°C
oA 12083 viFetAtt. ¥l §- 0.02 N H,S0,2 W4
o] BAREAE S5t meghE JERARIH

VBN (mg%) = 0.28 x (a— b) x F x 100/0.1

a: EAIE HAA(mL), b: AIE ZEA(mL), F: 0.02 N
H,SO, factor

HsHrke ATt s, A7l 2 wEdo=w
TENeH, g FH 2 HA 52 Meilgaard &
(1999)9] *el whe} A2, AE vEESY] S 3 o
4, 95 2 713A4S 9d Axgor AR 13
L w-§- ALY Y2 (extremely bad or slight), 932 wj
£ EAY ZHextremely good or much)©.2 EAISH 3}
o #sR7HE AASHAH
SHEN

ey |
Ao A doj AL SAS(1999)E ©]-83t9 GLM
(General Linear Model)¥'H o2 X390 *2]+31e]
O vuE 98] E4HEA 2 Duncand] tEAAS A
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Zoks Wb 458 2eld AY, AR vERS 4C
NA AgehAA Z4¢ pHO Wl ATE Table 2004
PRI, #7717kl w2 pH Wl A% 1971

st o] % 219714 pH 2 S7Fskdt). &3k o}
2ZRRE 7K T1 B oS 4 1, 2 2 3% A
7H7E Tl vl Sl YR O™ (p<0.05), SrkE
HA7VeFo] BEFE pH g2 7ASHAT Park¥ Kim
2009y "l=F A7IsE §319 &AIRY pHYF RS
Bt wetd Svks el B pH ke Az
A T AslE Svls AAe B pH RoEHE V)
old Aoz e} o]& Shin 5(2008)2] Hiro} X

ks A7 S 2Ed A, AR PEES A
& % S (MEE) W3S Table 39014 YellAct oz
2 3% Suls F7Q T4e A7z g2 folFl
Ws7h gIlon, of=FRIst 71 T1 2 1% Svks
A7 T3 A7IRte] ks W= gho] stols
o A FE3E BlaelA Fvks J7belA thixzTu of
2FRIGE A7 WS vl et g Seks A
7hgo] BEE v W g2 UERRITH(p<0.05). Shin
(2008 Smt=Y 49HA|9] 7 I WE WE #
< 27.47-21.80 W& 7= AR Jrks AHY] v
B goll 7193 Aow AdHY, Snks il F
7¥gtel we} Srhse] o8- Aol FojAle A 9
Elpeis )

ks A7 S 2Ee A, AR mEES
} 5 7FE7EF SIS Table 404 UERAITH A7
19340 thiz7reb T2 A whe 7hEzh ghs
, T1OIA =7 YR th(p<0.05). 13y #7137t
7kt Zt AEFERt F924Q1 Afole vERA|
THp>0.05). 7te4&F2 pH7E a5, 7Hd2=71
EETE, 7MEERTE =EEE, THEARTe] A B A
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Table 2. pH of low-salt and -fat meatball with different addi-
tives black garlic during storage at 4°C

Storage Treatments" SE
d C Tl T2 T3 T4

1 6.26%  6.09% 598% 590® 585  0.04

7 5.974b 5954 58784 583 580% (.02

14 6.30%  6.17%  6.15%  6.17% 599 0.03

21 6.265%  6.29%  6.24%  6.19%  6.16°  0.01

SE 0.04 0.04 0.04 0.05 0.04

"Control, without black garlic; T1, meatball added with ascorbic
acid at 0.1% level; T2, meatball added with black garlic at 1%
level; T3, meatball added with black garlic at 2% level; T4,
meatball added with black garlic at 3% level; SE: standard error
(n=3).

APvalues with different superscripts within a row are signifi-

cantly different (p<0.05).

*“Values with different superscripts within a column are signifi-
cantly different (p<0.05).



1034 Korean J. Food Sci. Ani. Resour., Vol. 30, No. 6 (2010)

Table 3. Lightness (CIE L*) of low-salt and -fat meatball
with different additives black garlic during storage

at 4°C
Treatments"
Storage SE
(d) C Tl T2 T3 T4
1 69.51*  70.10%* 66.08% 64.50%° 57.80¢ 1.21
7 69.68%  70.12%*  61.05° 65.31%  59.18° 1.20
14 68.16" 68.45% 64.60%° 61.07° 59.06° 1.05
21 69.19%  67.1248% 63.24B%® 62 388  56.52C 130

SE 0.33 0.42 0.65 0.60 0.79

DControl, without black garlic; T1, meatball added with ascorbic
acid at 0.1% level; T2, meatball added with black garlic at 1%
level; T3, meatball added with black garlic at 2% level; T4,
meatball added with black garlic at 3% level; SE: standard error
(n=3).

ADvalues with different superscripts within a row are signifi-

cantly different (p<0.05).

*“Values with different superscripts within a column are signifi-

cantly different (p<0.05).

Table 4. Cooking loss (%) of low-salt and -fat meatball with
different additives black garlic during storage at 4°C

Treatments"
Storage SE
(d) C T1 T2 T3 T4
1 10.86%*  15.65%* 12.03%* 14.81B* 13.81% 0.60
7 10.75° 9.82° 11.28° 13.34* 12.06™® 0.45

14 4.34° 4.83° 6.52° 6.35¢ 5.95¢ 043
21 7.14%  7.93% 4,69 9.07° 8.59  0.68
SE 1.09 1.54 1.19 1.28 1.25

DControl, without black garlic; T1, meatball added with ascorbic
acid at 0.1% level; T2, meatball added with black garlic at 1%
level; T3, meatball added with black garlic at 2% level; T4,
meatball added with black garlic at 3% level; SE: standard error
(n=3).

ADvalues with different superscripts within a row are signifi-

cantly different (»p<0.05).

#“Values with different superscripts within a column are signifi-
cantly different (p<0.05).

5o AT} FHo nlgo] F4E /197
A71Zre] S7te e S HEE Wele ody
B 54} Alole] Ajt=lo] ofsfiol u} o
oJu= ZO=E pHO =1 W o
(Flores et al., 2000). Wby A& 27| Svls A=
3 Lo pHE 717 mlEE] 71de gho] =

Aoz FaEh =3 A AV T 143l 7P B
& 7FEF Fhs Holy, T3S AL A% 2149219}
oA Zol7k glom, A 143 79} vls| 2E
A TFEol AR 14Y3 219} v 71 g
HAFETHp<0.05). olgt A7} =3t AFL7] =, 14937
219210] 275 E33F ZE A2 =& pH gk(Table
2y 719 s AaAR]l Aog duEy, 7ldSs F

I

©
o2 ¥
: %

Srts J7F g 2EE A, AR rEES A
5 A= HILE Table 5914 YER T A4
= &, TBARSTE AT 2139 As2kst Axs

| 181 78 gl ASEE Uyes 28 3 A
FkebEo] B35)4H2?] malondialdehyde(MA)2] mgO. &
Yepbdtk(Melton, 1983). A1 7] TBARS & thx+
oF of=FHIARE FH7KSE TIolA WA Uelstor, Svk=
A7ErAIA B A VR Thp<0.05). AF7170E of=Zn)
A4S 71 TIolA 0.90-1.029) 717 W& TBARS &2
ERATE E=3E A7)3t0] SV E tiE2T9 T19
TBARS 32 7154, Svls 3715 TBARS gl =}
o7} Al o]#st Av= SR g &eixl of
2FHIske] mEE ] XZiks) dAeS ERlskAT
3l Kwon 520062 Arlso] nls] Jrls AlZ2A HE
9 ZetEo|= Aio] 22t et 16812 F7tEH, v}
& $% flavonoide HAFASA =4 AF5Aksle] A
AWS-& A= 2 Fd AR, FikslE-S HligY
= Eaellst] 284skehe IS EsAIZ 28-(Fereidoon
and Janitha, 1992)3}e] ABsHE AAAZITkaL B st oLt
2 AT 2, Svks 1% J7HER T2 A7 149714
Zrasitizt A% 2194 TBARS ol S71shk= & Ws)
£ Holu T3 2 T49] Svks 7Y 735 H7Heheel
ztolol| = B skal A7 7]9} vlaldte] TBARS ke
zto]7b AATHp>0.05).
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Table 5. TBARS (mg/100 g) of low-salt and -fat meatball with
different additives black garlic during storage at 4°C

Storage Treatments" SE
d C T1 T2 T3 T4

1 0.858%°  0.90% 1.58% 158" 1.73*  0.10

7 0.995¢* 091> 1.134BC 12648 137°  0.07

14 1.44% 091  1.16°% 134* 143*  0.05

21 1.614B2 1,028 14178 139°B  1.72%  0.08
SE  0.09 0.01 0.06 0.07 0.07

"Control, without black garlic; T1, meatball added with ascorbic
acid at 0.1% level; T2, meatball added with black garlic at 1%
level; T3, meatball added with black garlic at 2% level; T4,
meatball added with black garlic at 3% level; SE: standard error
(n=3).

ADvalues with different superscripts within a row are signifi-

cantly different (p<0.05).

*“Values with different superscripts within a column are signifi-
cantly different (p<0.05).
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il g e mAEo|u A% AAZE A AE ke
o3 HA Fujdch §& WHuyl [y ue} S
Fo] oppiedby} 1 9] FYe|AAR B, Sl &
Aske dao] ¢S SFo=A STde] g A=
Z 4% + Atk Table 6 Ints 7L 55 &
gk AA, ARG v EES] A% F VBN HIE YERNSL
ot A 7] &, 1931l E 2 B 3% Suls Hrt)
A fFYHog 2o VBN S YERNItHp<0.05). 1
Hu A 57 2 D=2, A7Izte] ZUtESSE vl
S H7rol|l Al UlET1(18.18-23.44 mg%) L o}~ HIAk
A7 T1(15.83-22.04 mg%)oll B3] f-ojdo=z A
UERETE B35 Svks J7F o] SRS WA U
ERTHp<0.05). AA7I7HE Hlnol RE AHETEe A
7 713to] Z7V4E VBN e S7Fehd T49] 74$ A
712 7Vl Wl VBN gke] Wsht glinh ol gt
A= AR AFA] £9) 2 =31 FEES o[8A] VBN
kS YEETHE Kim 5(2002)0] Barel Lx|she, A%
712k &<t VBN &ido] F71ke A2 ©ild chain®] ¥
F7F A feohueat, aika s, ofdls, o
Buo} 5 nighe] AAslehEe] Assil "ot T3 A
57t 27kl #5302 27) Rujrt =44 w7t
= 1 S7FRe] At O olFelle w453] Hsksl] o
ol oA wufo} Aol FAGEeE WS A
o] QIthKang er al, 2002). L&} Hold st 2Hg-S
7HA vlEe] R ZEjuEs 2 ZgkH o= AR 3
4 A7 i FEs TAAA A WS JAIA

|

% o = o= I
7 Aoz waEd

Table 6. VBN (mg%) of low-salt and -fat meatball with
different additives black garlic during storage at 4°C

1
Storage Treatments" SE
(d) C T1 T2 T3 T4
1 11.20%  10.55%¢ 10.83%¢ 13.96* 14.10* 0.50
7 11.40°  12.70°  11.18° 11219 12.05 026
14 18.18% 15.83%" 14.98% 12.56 12.56° 0.59
21 23.44% 2204 1747% 1756 13.16° 1.00

SE 1.54 1.31 0.84 0.73 0.52

2Hs4ot

Suks HW7b 5 Y AY, AR vEES A
% & W5H7F HEE Table 7914 VERASITH BEA <]
Tk} 712 5 219Ake] BeH ot o] £l
st 27 14971A] HsH7EE AAEt BE ¥
7} oA A7 STHEE frelHog Fhaste
ZHAA NE=IN A 193l vlsl] A 143}l A
2 ATES UERRITHp<0.05). =3 419 B &
s H7belA Bhe ASEE By ole V& vk
o] ZIAE A g Suls AAe AL 7w E o
23y AswS dojmele 2RSS sttt 2y
FF, A=, ogd 2 JAHRA 7E=eA Sulks AT
oF tiET E ofAFNIN U BE A3t froF”d
210]7} AATHp>0.05). e} A7 14 o), o= <}
WA 5 syl Rae] Erigsing vy $ vE
2o 149 o)F ¥F AL 7EEE AL 5 S
Aoz FgE.

o

Table 7. Sensory evaluation of low-salt and -fat meatball with
different additives black garlic during storage at 4°C

Storage Treatments"

SE
(d C T1 T2 T3 T4
Color
1 7.33PAB 7504 642 6.50% 5259 0.09
14 5704 55848 52048 500%B 4.70%  0.18

SE 0.19 0.20 0.21 0.24 0.23

Flavor
1 6.07° 625  6.65°  6.58°  6.25° 0.09
14 3.70%  3.90° 445> 450"  4.60° 0.38
SE 034 035 034 034 032

Tenderness
1 6.08*  6.00* 5.92 6.17*  6.08 0.22
14 4.63°  4.59° 443 4.63°  4.60 0.15
SE 0.25 0.25 0.27 0.25 0.28

Juiciness

1 6.00° 608 617 6.08 6.17° 0.14
14 375> 358 383 388 375 0.29
SE 032 032 032 033 0.33
Overall acceptability

1 620 628  6.17° 6.08  6.10° 0.14
14 495° 505 501° 4.73% 475 0.28
SE 022 0.23 020 018 022

DControl, without black garlic; T1, meatball added with ascorbic
acid at 0.1% level; T2, meatball added with black garlic at 1%
level; T3, meatball added with black garlic at 2% level; T4,
meatball added with black garlic at 3% level; SE: standard error
(n=3).

ADvalues with different superscripts within a row are signifi-

cantly different (»p<0.05).

#“Values with different superscripts within a column are signifi-

cantly different (p<0.05).

DControl, without black garlic; T1, meatball added with ascorbic
acid at 0.1% level; T2, meatball added with black garlic at 1%
level; T3, meatball added with black garlic at 2% level; T4,
meatball added with black garlic at 3% level; SE: standard error
(n=3).

?Sensory evaluation were assessed on 9 point scale base on
1=extremely bad or slight, 9=extremely good or much.

*“Values with different superscripts within a column are signifi-

cantly different (p<0.05).
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o OfF
i) =

Suls #H7F AQ, A vERY] WA T FE
54 Wsts dotrax), Svks g okAFHIiE - AUt
T2l hERTFH(C)S} o}A=ZHIAL 0.1% H7H2) T1 2 3o}
s WrES 2Eske 1% Svks A7) T2, 2% &
ks 7Rl T3 3 3% Svks A7 T4E ERS)
of 21U47F ASHATk. pH 34 23, o3RIk 9 5
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