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Abstract

In this study, we investigated the characteristics of black elephant garlic powder with maltodextrin. The quality
parameters were analyzed such as water absorption, color value, solubility, average particle size and aqueous stability.
The mixture ratios (black elephant garlic extract:maltodextrin) were 4:6, 5:5, 6:4, and 7:3. After homogenizing,
the mixtures were lyophilized to produce garlic powders. The powders showed high solubility (90.87-96.93%).
The lightness (L) decreased with increasing extract amount, whereas the redness (a) and yellowness (b) values
increased. The average particle size decreased with increasing maltodextrin content except the 7:3 mixture ratio.
The aqueous stability of the powders after 8 h ranged between 0.54 and 0.64. The absorption characteristics were
measured under different relative humidities (11-84%) and temperatures (25 and 35°C) to calculate the mono-layer
moisture content, the Guggenheim-Anderson-Boer (GAB) and Brunauer-Emmett-Teller (BET) equations were applied.
Overall, the mixture of 4:6 presented a low equilibrium moisture content and low mono-layer moisture content
regardless of the temperature. Caurie, Halsey, Kuhn, Oswin and Mizrahi models were applied to evaluate the suitability
of the isotherm curve. Among them, the Halsey and Kuhn models both showed good fit because they presented
high R? values (0.934-0.992 and 0.955-0.990, respectively) and low deviations (4.829-9.436% and 5.043-9.989%,

respectively).
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Z2AAE AAT gUvlE 1 kgt & 2 LE steamer
(HK-9600, Jinhong tech, Seoul, Korea)oll ¥ 3 3047t
WA EnksE 7FEelsith. vk steamol] AHEH =3
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A% Tole Ad 48 E47](RT-02, Millpowder, Tainan,
Taiwan)= ©]-&3] 235t ch E2-2 40, 80 mesh =7]
o] A]&-&-A|(Testing sieve, Chunggye Industrial MFG., Co.,
Gunpo, Korea) 2 £2gF & 7 A| Alo]o] A 85 AHESI3]
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Al(CR-300, Minolta Co., Osaka, Japan)S ©]-&-&}o] 33] Wk
=78t} 534 3= ™ = (lightness, L), 24 &= (redness,
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83l == Phillips 5(17)9] W& Frarste] S4 skt
TEUXEYS 7R 37]evks £3E9] 22282
conical tube©l] 2 1L distilled water 4 mLE 373t 3 30TC<]
FL- = 2(GO-90W, Jeio Tech, Daejeon, Korea)ol] 5&3t ¥
o] g3, Zho] g 3] S3lAIR Ty PAlE
2]71(Supra 22k, Hanil Scientific Inc, Gimpo, Korea)E ©]-&
3l 4,000 rppmell A 10% IF LA EE & sISiTh a8l
N8 F ASNS st 105C 4F 1 %7])(OTEC-004-m,
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Water absorption(%)= x100

B

A : dried supernatant sample(g)
B : sample weight(g)

ol YEEAME 2] =EA7](Sympatec GmbH,
HELOS(H2455) & RODOS, Clausthal-Zellerfeld, Germany)
g AH83e] s,

o] 28 & Lee 5(18)°] WS Fasioich A=
03 g? T/FF 1 mLe &3 ¢+ F UV spectrophotometer
(Shimazdu Co., UV-2550, Tokyo, Japan)E ©]-8-51°4 600 nmoi| 4|

FHEE 27
245900}

2 Y Mg =8

dAACTE o] ulsEs LewisH(19)S Farste] 2}
¥3} dgdor zHIIAT AR F}EIP LN
LiCI(RH 11%), CH;COOK(RH 22%), MgCL(RH 32%),
NaBr(RH 57%), NaCI(RH 75%), KCI(RH 84%)< A-8-3}%)
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Table. 1. Relative humidity of saturated salt solution

Salt Relative humidity (%) Caurie equation, InM=InA-ra,,
LiCl 0.11
. a
CH,CO0K 022 Halsey equation, a,=exp(- e )
MgCl, 032
K,CO; 043 Kuhn equation, M= na +b
NaBr 0.57 )
NaCl 0.75 Oswin equation, M=a( law >
KCl 084 A
N . b+M
Mizrahi equation, ay=
Yys2aY 53 atM
WY T ETE Labuza 5(20)°] Bl Tt S
Ak dFr)E GAl AR 2 g5 B F AdE 24 M : equilibrium moisture contents(%)
H dAlACIE &} e mj <t AAsIATE Alge wlg a, : water activity
714 L7 ARt FA 02 Ao} T WiskE S5l e other alphabet : constants

o Rrle] WMERE FFEATS ALY

Y
Lo,
o
o I

= 2~
Tosmg nua Z

SeEETA U 490 Bk T 48

CIEXIES +=2a2ke 54
A A7 R SRS SRS AHES)
7] 913y Guggenheim-Anderson-Boer(GAB) 4}(21)2} BET

—h

se] SSTHR3).

100 & | my-my* |

(Brunauer-Emmett-Teller)2] (22) & ©] &3t} P(%)=

XmCkay

N

i=1

m;

GAB equation, X.= m; : experimental moisture content

( l'kaw) ( 1 'kaw+Ckaw)

1 C-1 N : number of experimental data

Aw
BET i = + w
equation, X.(1-a0) X.C X.C a

ay : water activity

X, : equilibrium moisture contents(%)

Xm: monolayer moisture contents(%) HEfH| S AHE |
C, k : experimental constants 7|8 S}

my* : predicted moisture content by model

Table. 2. Color value, solubility and particle size of powder according to ratio of elephant garlic extract and maltodextrin

5714 A&
S golal i th23).

EG extract (mL) : maltodextrin (g)

4:6 5:5 6:4 73
L 86.7010,74"% 79.050.97° 81.6510.66" 73.59£1.12°
a 0.690.08" 0.940.18 1.18£0.25° 2.30:0.03
b 19.78:0.23° 25.23+0.60° 25.25+0.96° 29.89:0.51¢
Solubility (%) 91.5242.66" 96.931.50° 92.77+0.82" 90.87+1.13"
Particle size (1im) 159.89+1.39° 101.710.34° 64.59:0.86" 107.48£3.34¢

UEach value is expressed as meantSD (n=3).

"Means within a tow followed by different letters are significantly different by Duncan’s multiple range test (p<0.05).
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Bulo] A7z} 838w Table 29} 2th CEGAER S AL oulstez A FSF oA o] Hg fFoslior &
Azt Sel=E MAE F e T2 AEsHA =2 4=A Aoz At HTh
ATH24). & AN = FE2E TEYAEUS 2183
S o R T 90% o]F o R = Fho] Z4o] Hglen HYTEET
E3] 5:5 2] oA 96.93% = Zth7kS YERNAT) Jafari BE FEEFS TR AFRESY HEo] X
S5 HEUAE] S EE T/ AT 3 27e F4 PgAs Y= AEE g ATh29).
o dEGAEY IS Eole AL LEE A 2 AT e 2718 vhs ks FEEY CEYAEY
T vtz ek a8 & A7eF FASHAl Moreira & o] wjghle] we} g2 Az B2l 5 545 A
6)= TEUXEY e ST} Al 90%°17 HH WA SHAth FEEHAEE X3} A8dE o] 8351 0.11-084F
Lol =t &% ghastgivka Bk vl gl A7z2e] 75
Snbs FE9 Hlgo] SRS L a2 A a9t 20
b %ko] ‘IOT-O/]QE-E %7]'—3]‘}5.‘ ‘?—:A‘”’Eé‘ E_‘}}‘\\:]'(p<0.05). 0]9], 18 25°C
fAFSHAl Chae$t Hong(27)9] AAt-ollM = F3A &k 57t ~ 16
of meh wel W F71 R A% vt dofdtkn T
HaEAeh o2t A4S A o] S7hstel whet gn
FEE LT Mo] fastHA HAH = AR AlsH § 10 *4:6
t}. 18] 3 Tonon 5(28)& TEUAE ko v# s g 8 oS5
Q7 Mg Bag v ok B ATdNE 73 Ae) £ O T
FE Asddtn 2483 wEdaed sgRd wed 2 '
2ERJ 3gFo] o] s foF oz =Tt SUtske 0 . . . . .
FAIE B3tk 7:3 A2l Te A5 FEH] HEo] FobA 0 20 40 60 80 100
SDEU~EQ o] Aol & dojubx] Kato] i £ Relative humidity (%)
7kl 3 @2go] WAL o] wl ol Had=r)F St
Aoz weltk .
15 35T
HiEHH| Y B S
BAE Bt AA Ex R glo] £F #ds
Al ks Bo® BT 255 ARt e &Y § 15 -4:6
T Hs7h Ari18). FEEY CEYAE v & 2 ; =5:5
we] BAM S Table 30 UERASITE Lee 5189 A7 Z 10 o,
A HEUAEYS nhEo PEsAR AMESI =T Al 5 5 '
85 1A3F B9t B2 Al normalized turbidity 7} 0.6 ©]&F=
itk Huskgich v B AFo A= 3417 Bt 0 : : : : '
RE A7} 07 o)) #S Al oLt Bt Az 0 oo K e 8 100
=uto] normalized turbidity= 0.54-0.64% 7H2591T), o] = Relative humidity (%)
el o v - y 0 > Fig. 1. The isotherm curve of elephant garlic powder by
WA Ao SEYXEY A Al St w4 vkl temperature and mixture ratio.
T 4 Alzre]l AU dF o] rheekE ¢ dtke
Table. 3. Time-dependent aqueous stability of elephant garlic powder by mixture ratio
o ) Dispersion time (h)
Mixing ratio
1 2 3 4 5 6 7 8
4:6 100+0.00™ 073005  0690.04°  067t003  065:003° 065003 063003  0.64+004°  0.63+0.03°
5:5 100:000° 0724002  065+0.02  061:002° 059002 0574002  055:0.02°  054:002°  0.54+0.02°
6:4 1.000.00° 079:000°  073003°  070:002°  0.68:002° 06700  065:003°  065:002°  0.64+0.03"
73 100:000°  071£002°  066:001'  062:001° 060002  058£001'  058:002°  056:003"  0.55:0.02°

UEach value is expressed as mean+SD (n=3).

YMeans within a column followed by different letters are significantly different by Duncan’s multiple range test (p<0.05).



Absorption characteristics of black elephant garlic powder containing maltodextrin 539
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Table. 4. The regression coefficient and monolayer moisture content of elephant garlic powder determined by GAB and BET equation
with different maltodextrin amount and temperature

GAB equation BET equation
25T 35C 25C 35T
Xm k C R Xm k C R Xm C R? Xm C R’
46 0041 0953 21345 0978 0047 0949 4185 0978 0036 71400 0971 0037 1253 0973
5:5 0053 0934 15055 0943 0047 0964 23526 0984 0044 139543 095 0042 1045 0979
6:4 0049 0978 28244 0992 0051 0952 7766 0980 0047 43390 0991 0041 66085 0973
73 0047 0978 9743 0989 0064 0915 1964 0997 0044 12582 0988 0042 6153 099

Table. 5. Estimated coefficient for isotherm models of elephant garlic powder

Caurie Halsey Kuhn Oswin Mizrahi
In A r R a n R? b a R a n R? b a R?
4:6 0941 2236 0974 12829 1442 0978 2262 3426 0972 7922 0495 0970 3545 3559 0967
5:5 1444 -1792 0904 40169 1758 0934 4270 -3.660 0955 10481 0393 0899 5633 381 0954

Temperature Mixing ratio

Be 6:4 L114 235 0978 15194 1369 0989 2559 4557 0990 10004 0522 0975 4261 4738 0987
73 0800 2714 0995 8891 1205 0991 1354 4628 0987 8731 0605 0988 3084 4812 0984
4:6 0297 3296 0977 7004 L1191 0977 1446 3677 0972 7136 0678 0977 2943 3740 0971
35 5:5 0742 2864 0975 12443 1339 0983 2890 -3789 0980 8860 0598 0978 4431 3857 0979

6:4 0626 -3.039 0976 10560 1276 0979 2400 -4000 0974 8666 0630 0977 4028 407 0973
73 0253  -3505 0998 6650 1126 0992 0950 4312 0987 7493 0771 099% 2708 4386  0.986

Table. 6. Mean relative percentage deviation for isotherm models of elephant garlic powder

e PV (%)

Temperature Mixing ratio - - —
Caurie Halsey Kuhn Oswin Mizrahi

4:6 8.375 7.509 9.343 10.753 10.336

55 10.152 8.905 7278 11.965 1.877

25T 6:4 6.459 5219 6.475 9.866 7.703
73 5412 4.829 5.043 9437 5.874

Average 7.60 6.62 7.03 10.51 795

4:6 13.612 8.492 9.989 12.923 10.613

55 13.815 9.436 7918 12.249 7.795

35T 6:4 12.41 8.678 9.337 11.482 9.4%4
73 6432 7448 8.113 6.181 9.046

Average 11.57 8.51 8.84 10.71 9.24

) 100 N | mimi |
P =

® N & mi
i=1

m;, experimental moisture content; m;*, predicted moisture content by model; N, number of experimental data.
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A} R2L Table 5, A= Table 69 YERAQITH RZS
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