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ABSTRACT

Background: Rehmanniae radix preparata (RRP) has been used as a traditional medicine and is one of the most important oriental
herbal medicines. However, the physical characteristics of RRP are not suitable for use in industry. The present study was under-
taken to determined the preparation method of RRP powder and the physicochemical characteristics of RRP powder by milling
under different pre-freezing temperatures.

Methods and Results: Moisture content, powder yield, particle size, bulk density, compressive stress, extraction yield, and 5-HMF
content of PRR powders by milling with pre-freezing temperatures (20, —40, —60, and —80 ‘C) were analyzed, and correlation
among these factors was determined. Powder yield increased and particle size decreased in a pre-freezing temperature-dependent
manner from —20 to =60 C. The Hausner ratio increased from 1.186 to 1.225 with decreasing temperature from —20 to —80 C,
whereas compressive stress showed the opposite trend. Extraction yield and 5-HMF content were not significantly different between
RRP powder. Significant correlations were observed among pre-freezing temperature and physical characteristics (e.g., yield, parti-
cle size, Hausner ratio, and compressive stress).

Conclusions: These results suggest that the pre-freezing temperature is an important factor affecting the physical characteristics of
PRR powder and applicable to the industrial production of RRP powder.

Key Words: Rehmannia glutinosa Liboschitz ex Steudel., Milling, Physicochemical Characteristics, Powder, Pre-freezing Tempera-
ture, Rehmanniae Radix Preparata

M (%! 2008; Lee et al., 2017).
A 8ke] AJ2|Ed HEOZ iridoid glycosides, sesquiterpene
A8} (Rehmannia glutinosa Liboschitz ex Steudel.y> &4t 2 phenold}TE 5ol HAEAS™ (Shih ef al, 1999), A
Fol] &= FEAER, S UEE HIRSl] Folrlotll & &9 THEEQl A FHEAEE S-hydroxymethyl-2-
sl thdA A Eo|th (Jeong et al, 2004). X&) = furaldehyde (S-HMF)E 7122 A3 3t} (MFDS, 2012).
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o MK

Aot (MAFRA, 2017). A18¢] Bel= opeket Aeled 4 24 (Kim er al, 2011; Oh et al, 2011a), 282 (Ma
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Fig. 1. Processing method for powder from
Rehmanniae radix preparata.
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= 3 (ga)s AU 542 texture analyzer (TA-
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ZEHzAL 255m e ¥EF £7]9F 25mm cylindrical
plunger probeE AF&3F5 2™ pre-test speed= 0.5 mu/s,
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NC, USA), & (A& acetonitrile (B) 7127174 (0- 5 min:



OHISZ 220 M2 =Xg 22 54

2% B, 5-8min: 2-5% B, 8-13min: 5% B, 13-20 min:
5-8% B, 20-25min: 8-10% B, 25-30min: 10-100% B,
30-47 min: 100%), ¥4 0.8m/min 2 HAZ=34 280 nm =
BT 2FFS 5-HMF (Sigma-Aldrich Co., St. Louis,
MO, USA)E AH&-3I5itt.

6. SAEM

FAEA LS SPSS (Statistical Package for the Social
Science, Ver. 12.0, SPSS Inc., Chicago, IL, USA)S °]&3}
o 7} AlEe] Hed BFRAE ARt 2 1F Akl &
F& One-way ANOVA (analysis of variation)2 #2]3F &
Duncan’s Multiple Range Test (DMRT)E ©]-&35}o] A3
o (p<0.05). g 8217ke] ZAAAIE= Pearson's correlation
analysisE &3t A13HATH
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Table 1. Moisture content of Rehmanniae radix preparata powder
by milling with different pre-freezing temperatures.

Samples”  Raw F-20 F-40 F-60 F-80

Moisture
content 14.75+3.02* 8.82+0.18" 8.16+0.16" 8.53+0.08" 8.60+0.34°
(%)

*Means within a row b?/ the same letter are not significant based on
the DMRT (p < 0.05). "Samples; Raw; Rehmanniae radix preparata,
F-20; pre-freezing temperatures under —20 C, F-40; pre-freezing
temperatures under —40C, F-60; pre-freezing temperatures
under —60C, F-80; pre-freezing temperatures under —80T.

Table 2. Yield of powder from Rehmanniae radix preparata by
milling with different pre-freezing temperatures.

Samples” F-20 F-40 F-60 F-80

Yield
for 43.61+0.59° 52.00+2.33 60.90+2.50* 59.63+2.39%
powder (%)

*Means within a row by the same letter are not significant based on
the DMRT (p < 0.05). "Samples; F-20; pre-freezing temperatures
under -20C, F-40; pre-freezing temperatures under -40 C, F-60;
pre-freezing temperatures under —-60C, F-80; pre-freezing
temperatures under —80C.
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425 me] B2 ¥&z 2yl 710 - 850 m o] H]&& &7}
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Fig. 2. Particle size distribution of Rehmanniae radix preparata
powder by milling with pre-freezing temperatures.
*Means with different letter (a - c) within the same
particle sizes of different samples are significant based on
the DMRT (p <0.05). Samples; F-20; pre-freezing
temperatures under —20°C, F-40; pre-freezing temperatures
under —40C, F-60; pre-freezing temperatures under -60C,
F-80; pre-freezing temperatures under —80C.
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Fig. 3. Chromatograms of Rehmanniae radix preparata powder by milling with pre-
freezing temperatures. Samples; A; 5-HMF standard, B; Rehmanniae radix
preparata, C; Rehmanniae radix preparata powder.
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Table 3. Loosed bulk density, tapped bulk density, Hausner ratio, and compressive stress of Rehmanniae radix preparata powder by
milling with pre-freezing temperatures.

Samples” F-20 F-40 F-60 F-80
Loosed (Z;J!I';)dens't‘/ 0.596+0.011% 0.582+0.012" 0.610+0.003° 0.592+0.011%
Tapped(lg)/ﬂn'f)dens'ty 0.707+0.015 0.692+0.005¢ 0.758=0.007° 0.726+0.008"

Hausner ratio 1.186+0.015" 1.190+0.029" 1.243+0.009° 1.225+0.014%
Compr(;;(s:;l\f/)e stress 586.010+61.130 382.700+54.190" 237.330+86.920°¢ 211.990+83.110¢

*Means within a row by the same letter are not significant based on the DMRT (p < 0.05). "Samples; F-20; pre-freezing temperatures under —20C,
F-40; pre-freezing temperatures under —40C, F-60; pre-freezing temperatures under -60°C, F-80; pre-freezing temperatures under —80C.

Table 4. Extraction yield and 5-HMF content of Rehmanniae radix preparata powder by milling with pre-freezing temperatures.

Samples” Raw F-20 F-40 F-60 F-80
EXtr(?,/ft'S”by)'e'd 85.75+2.72"2 89.77+5.11 89.32+3.04 90.29+1.50 91.55+0.34
5'2@’}2 C(;”k‘)t‘;”t 786.94+50.78" 777.08+10.20 778.33+28.72 796.21+44.85 799.33+19.07

*Means within a row by the same letter are not significant based on the DMRT (p < 0.05). Samples; Raw; Rehmanniae radix preparata, F-20;
pre-freezing temperatures under —20°C, F-40; pre-freezing temperatures under —40°C, F-60; pre-freezing temperatures under -60°C, F-80; pre-
freezing temperatures under —80C.

Table 5. Correlation among pre-freezing temperature and physicochemical characteristics of Rehmanniae radix preparata powder.

Factoers” Temp. PY PS LBD TBD HR CS EY HC
Temp. 1.000 -0.894** 0.888**  -0.135 -0.552 —0.714** 0.863**  -0.268 -
PY 1.000 —-0.932** 0.337 0.706* 0.751**  —-0.905** 0.221 0.411
PS 1.000 -0.420 -0.818**  -0.833** 0.877**  -0.146 -0.386
LBD 1.000 0.686* 0.156 -0.207 0.291 0.345
TBD 1.000 0.812**  -0.610* 0.302 0.337
HR 1.000 -0.762** 0.171 0.176
Cs 1.000 -0.130 -0.314
EY 1.000 0.441
HC 1.000

DFactors; Temp; pre-freezing temperature, PY; yield for powder, PS; Particle size, LBD; Loosed bulk density, TBD; Tapped bulk density, HR;
Hausner ratio, CS; Compressive stress, EY; Extraction yield, HC; 5-HMF content. *p < 0.05, **p < 0.01.

92w Yk Hobdol wet gEAel A0 it B AT (p<005)
%

2o /go] g Zog Azt 2ake] AT mE F= 540 gk AN E iRt
Az)e| we} FEFEe] gElen dxte] A s
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