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Abstract This study investigated the changes in the physio-
chemical property, phytochemical content, nutritional content and
antioxidant activity of Polygoni multiflori Radix by steam, aging,
and fermentation. After processing Polygoni multiflori Radix
(PMR), pH slightly decreased, while acidity increased (pH 5.70
—4.78, acidity 0.23—0.29%). The reducing sugar content
increased after aging and fermentation from 1.19 mg/g (PMR) to
1.40 (fermented PMR, FPMR), 1.30 (red PMR, RPMR), 1.53
(fermented red PMR, FRPMR), 1.99 (black PMR, BPMR), and
233 mg/g (fermented black PMR, FBPMR). Total phenolic
content was highest in PMR (6.05 mg/g) and total flavonoids and
maillard product were increased after aging and fermentation of
PMR, and were the highest in BPMR (1.60 mg/g) and FBPMR
(2.76 O.D.), respectively. The major phytochemical was 2,3,5,4"-
tetrahydroxystilbene-2-0-a-glucoside, which were highest in PMR
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(64.9 mg/g) with 46.47 mg/g at FPMR, 33.94 mg/g at RPMR,
48.76 mg/g at FRPMR, 36.68 mg/g at BPMR and 34.35 mg/g at
FBPMR. The main fatty acids and free amino acids were detected
as palmitic acid (C16:0) and proline, respectively. Generally, 2,2-
diphenyl-1-picrylhydrazyl and 2,2'-azino-bis (3-ethylbenzothia-
zoline-6-sulfonic acid) diammonium salt radical scavenging
activities and FRAP reducing powers were shown high in PMR
(39.06%, 98.32%, and 2.61 O.D. in extracts concentration 1.0 mg/
mL), then were decreased after aging and fermentation.

Keywords Antioxidant - Fermentation - Food processing -
Lactic acid bacteria - Phytochemicals - Polygoni multiflori Radix
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29| phytochemicalsS anthraquionone &}3H&<1 chrysophanol,
thein, physcion ¥ emodinz} ©|E 3gE2 widA Hejol
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tetrahydroxystilbene-2-0-a-glucoside  (TSB-G), rhein emodin
chrysophenol, catechin B3+ Sigma-AldrichollA] F43te] AR
3o o] 9 high performance liquid chromatography
(HPLC) 52| water, acetonitrilez} 7+& f-7]guje} 71} £
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S 243892 HPLC (1260 series, Agilent Co., Santa
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FRAP Ao} 950 uLZ Al@adoll £Fale] 37°ColA 158 0k (A) 80
AP\ ERHEAR ALBalel 593 el 297 S 8 5
el Agste] Lhehic. o B 6o
Efs
AN 23 40
BE AP 38 W FYsle] Fi + TFARE GepiAt. 5
7t AR BEA A o fo4 AFe BN 24 5 2§
p<0.05 4=5=9ll4] Duncan’s multiple range testZ A3}tk § 20 I I I
0.0
é:’—]— ‘;-l 1@_ FPMR RPMR FRPMR BPMR FBPMR
(B) 2.0
pH, A=, $9% B - b E
7FE el whe sEee] olslely B4 Wehs Fig Sl b w15 | 2
[ S E c
ERiSATE PMR®] pHE 570, FPMRE 523, RPMRE 537, £ ¢
FRPMR 505, BPMRE 4.90, FBPMRE 4789 4% el & 19 |
WL ol WEel wel pHrl 234 7hiske Ao|eh A 7 £
£ PMROIA 023%, FPMRE 027% BPMRE 025%, & 2 o5 |
FRPMRE 027%, BPMRS 027%, FBPMRE 0.29%2 ek S
At T FEF2 PMRO] 1.19mg/g, FPMR2 140 mglg, ‘ . . . .
RPMRZ 130 mg/g, FRPMRE 1.53mg/ge & & 1 S7Fstaint. * TIME MR RPMR FRPMR EPME FEPME
#71 BPMRE FRPMRO] Hl8) & © 271819 1.99 mg/eola
FBPMROIAE 233 mg/e© 2 WHael ule} A Z718ts] €
Lee9} Park [1]9] Slro5 H7Iek 59| o3lstd 549 4 _ o
oA pHE 56607 & A7M Az PMRY pHeE §AF £ 2 30 | a 2 I
319tk 58] Leest Park [11& 319 A7lgo] 71842 34 b
pHZL SOl ol WEAAE Al RE AR pH T 5 T 20 |
A% Yeh) B A7 Zdiels AR 43S Yepiith 8 £ 3 ¢
T} Al By 2ZHEel 214te] 749~ malonyl-ginsenoside ég 10 |
AEo]l dxjgle] s Ea%=o] malonic acid®} acetic acid’} =
FsE RoR Rusy gor, He wH AR o) o0 .

olef FAFSE ol oA acids AJE0] fEl=o] pH A=

o Y= & Aoz AR 16]. TS 4 Hge] A9
Ato] AAdske dirkbE o fElobrx=At, f714F 5 o
et =48 At dEES pH T4 B A% Sk 9%
Aoz AFHTH1T].

S ==
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Total phenolic, total flavonoid, maillard product ¥
7FHell wE S22 total phenolic, total flavonoid,
maillard product &= Fig. 19 YERNSIH 7]—‘— il wh
£ 315229 total phenolic 2 PMRE] % 6.05 mg/go]3]
2 PMRE 2E3 FPMRS 4.10mglg, RPMRoﬂ/ﬂL 4.94
mg/g, FRPMRS 326 mg/gC 2 oF7F vhe ghaks yehfiint.
BPMRS 4.03 mg/g, FBPMROIME 4.51 mg/gl & oFF 713}
ATHFig. 1A).

PMRE] total flavonoid 342 1.34 mg/ge13. FPMROIA =
139 mg/ge 2 <F7t F718Ft. RPMROIA & 1.21 mg/g,
FRPMRIIM = 147 mg/gl 2 & U 71519t BPMROIM &
1.60 mg/g, FBPMROIM = 149 mg/gl 2 $toll 2 zjole gl
At A#AH o2 PMRET= FPMR, RPMRZ BPMROI|A
total flavonoid S F7}8199 32 PMRS} RPMRE 23 sh
FPMR2} FRPMROIA] total flavonoid o] £ ¢ Z7lsk=

PMR FPMR RPMR FRPMR BPMR FBPMR
Food processing

Fig. 1 Comparison of the total phenolic and flavonoid contents and
maillard reaction products of Polygoni multiflori Radix by food
processing. (A) Total phenolic contents; (B) total flavonoid contents; and
(C) maillard reaction products. Food processing steps: PMR, Polygoni
multiflori Radix; FPMR, fermented Polygoni multiflori Radix; RPMR,
red Polygoni multiflori Radix; FRPMR, fermented red Polygoni
multiflori Radix; BPMR, black Polygoni multiflori Radix; and FBPMR,
fermented black Polygoni multiflori Radix. All values within a column
with different superscript letters are significantly different from each
other at p <0.05 by Duncan’s multiple range test

Aoz YePth(Fig. 1B).

7+ W i §142.9] maillard products PMR2 1.34
o] F3% FXE eIt PMRS HEAZ Foll= 248
(0D Z718I9.2m RPMROIAE 220 (0.D.), FRPMROIA
£ olut & 9 F71sle 253 (0.D.)& YERNUTE BPMR
JA] 269 (OD.), FBPMROIME 2.76 (OD.)>-Z maillard product
£ 7P Bol el e ZoE YEith o] AR & o,
PMR HETU= RPMR®] & H %2 maillard products -3}
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3 Y3 RPMRET}= BPMROIA] maillard product o]
= W & 9A] maillard product EHFo] Z2FH F71813
THFig. 10).
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Ko}l 2 Aol AR A¥E YERASITE. Flavonoid =
AEL GubzoZ AAA oA 2gol} kg OF A&l 715
g 2EA EHrElo] AL kst EAdo] e Ao B
HATH5,23]. Seo S[7]¢] ATFoNME o9 W= oek
< FEE dig flavonoid FFS 7H7; 3.68 mg/gdt 134
mg/gl 2 HIAUJIFIL o] B A AxS e FEE
9] #FFH FAFsIE. gHH o]#{ St total flavonoid % 3
7} A& Chost Joo [24]9] #-2 Azl wlg ARzl A
T4 total phenolic 33HE F7ke} v IAZ S0y Go
ofsf At shghEo] EellEAL AFHoR 23 thAlA] gl
S7FAL Bt} Yang 5(25] A1 latellA gAe] =
7ol W} total flavonoid E5©] 0.39 mg/gollA] 0.42 mg/gS =
715 Halste] & A Adeks fARIATh webA A=
7HAe] o] AT Al mEW e 2 R AEES
duror &£y 722 Qol| o8] Al seHEe] #alE o
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s
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At slsHER Wala dgxoze 23t A kel St
sle Aoz AT Maillard WH-2 dukE o7 ofn| ko)
otu|=r)e} el iR 7F M2 S el 7], 7Y, F
T HAE AX NEL EZo] A== delth 53] £ 4
TFlA= BPMRE #aAlzl Feje] FBPMRS| pH7} 7H o
Rom ol mojofE ¥R T ZAlsl whgo] EHXge] wE)
pH ztol AMatdrh= Ba26)9k &4 SHAEER o= AW
Edo] AT Ba27]¢F o] 2 o= dAdd.

Phytochemicals ¥%F W3}
7 Wlol w2 s FEFEC] phytochemicals 4 A3}
Table 13 Fig. 29 YeERN 2™, catechin, TSB-G, rhein,
emodin, chrysophenol®] &% TSB-G7F £ sjMEz &
1= ATh(Fig. 2). Catechin 3 ¥3h= PMR 3! FPMROIX =
225—1.93 mg/g® & <7t 7h43ITt. RPMRZ FRPMROME
2.22—1.67mg/g, BPMR 2 FBPMROIME 1.51—1.48 mg/gd]
7 W3E B tK(Table 1). ¥ A3olME PMRE A7 &
3ol wjg} TSB-G7F Hadhe A Elsisith

Kim S[8} =4t HA slg200lA TSB-G 3H5=e] HE
HIAAL ol E AFeim dAEUTE 53] TSB-G 3etEo|
115.02 mgkgel HAEH skreelx Fo Aegy 4ozt
HISIAIL o] Ax A B Aot A5 2y 8
Aeed =4 e 2 dvekes o Aolsii ol 22
Aol A Aololw Al SAEY, 715 F)F HA A
gy e FEE Ax A ARBEHE 28 S22 HlE T
o] gget W zpo] Fel 7Ideke AR AwE. gk
seeel 2 Aelg 529 TSB-G 39S 4ks}H28-30],
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Table 1 Comparison of the phytochemical contents of Polygoni multiflori Radix by food processing

Content" (mg/g)

Food processing steps”

PMR FPMR RPMR FRPMR BPMR FBPMR
Catechin 2.254+0.11%9 1.93+0.10% 2.22+0.11° 1.67+0.08°¢ 1.5140.07%¢ 1.48+0.07¢
2,3,5,4'-tetrahydroxystilbene-2-0-a-glucoside ~ 64.90+3.25* 46.47+2.32° 33.94+1.70¢ 48.76+2.44° 36.68+1.83° 34.35+1.72¢
Rhein 0.30£0.02" 0.52+0.03 0.36+0.02" 0.73+0.04" 0.30:£0.02" 0.44+0.02
Emodin 0.27+0.01° 0.16+0.01° 0.06£0.00" 0.10+£0.01° 0.05£0.00° 0.07£0.00°
Chrysophenol nd¥ nd nd nd nd nd
Total 67.79+£3.39% 49.08+2.45° 36.58+1.83° 51.26+2.56° 38.54+1.93¢ 36.34+1.82°

DAl values are presented as the mean = SD of triplicate determination

2Food processing steps: PMR, Polygoni multiflori Radix; FPMR, fermented Polygoni multiflori Radix; RPMR, red Polygoni multiflori Radix; FRPMR,
fermented red Polygoni multiflori Radix; BPMR, black Polygoni multiflori Radix; and FBPMR, fermented black Polygoni multiflori Radix
DAl values within a column with different superscript letters are significantly different from each other at p <0.05 by Duncan’s multiple range test

“nd: not detected
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Fig. 2 The typical HPLC chromatogram with five phytochemicals of Polygoni multiflori Radix by food processing. (A) Polygoni multiflori Radix; (B)
fermented Polygoni multiflori Radix (C) fermented red Polygoni multiflori Radlix; and (D) fermented black Polygoni multiflori Radix. 1: catechin; 2:
2,3,5,4'-tetrahydroxystilbene-2-0-a-glucoside; 3: rhein; 4: emodin; and 5: chrysophenol
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9] ESALAF F myristic acid (C14:0), palmitic acid
(C16:0), stearic acid (C18:0), behenic acid (C22:0), lignoceric
acid (C24:0)= BF AEHU}. 53] palmitic acid (C16:0)7}

RPMROIA] 126.9 mg/100 g2 2 71 Ee o] AEE ] F2
¥3} Awake g yekyth PMRS 2EA17] FPMROA &
palmitic acid (C16:0) $Fo] 101.6—112.5mg/100 g = S7}
31993 RPMRS ¥H&A17) FRPMROIME 126.9—84.1 mg/100
g0 2 7HAEith. BPMR3} FBPMROIA= 91.1—93.3 mg/100
gl 2 %7t Ttste ALoZ el X3S lauric acid
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Table 2 Comparison of the fatty acid contents of Polygoni multiflori Radix by food processing

Contents" (mg/100 g)

Food processing steps?

PMR FPMR RPMR FRPMR BPMR FBPMR
Saturated fatty acids
Lauric acid (C12:0) nd® 2.70+0.14° 2.70+0.14° 2.00+0.10° 2.30+0.12% 2.40+0.12%
Myristic acid (C14:0) 3.60+0.18* 3.00+£0.15% 3.20£0.16% 2.40+0.12¢ 2.70+0.14° 2.70+0.14°
Palmitic acid (C16:0) 101.60+5.08* 112.50+5.63* 126.90+6.35* 84.10+4.21° 91.10+4.56° 93.30+4.67°
Stearic acid (C18:0) 42.70+£2.14° 60.80+3.04" 66.80+3.34" 42.60+£2.13° 46.80+2.34° 47.70+2.39°
Arachidic acid (C20:0) 4.30+0.22° 2.10£0.11° 3.10£0.16" 1.40+0.07° nd 1.60+0.08°
Behenic acid (C22:0) 4.00£0.20° 2.90+0.15% 3.30+0.17% 2.30+0.12° 2.40+0.12° 2.40+0.12°
Lignoceric acid (C24:0) 2.30+0.12° nd nd nd nd nd
Total 158.50+7.93% 194.10+9.71 206.00+10.30 134.80+6.74 145.30+7.27 150.10+7.51
Unsaturated fatty acids
Palmitoleic acid (C16:1) 1.70+0.09" nd nd nd nd nd
Elaidic acid (C18:17) 17.60+0.88" nd 7.10£0.36° nd nd nd
Oleic acid (C18:1¢) 144.50+7.23% 41.40+2.07° 80.10+4.01° 28.70+1.449 34.0041.709 32.10+1.61¢
Linoleic acid (C18:2c) 88.00+4.40* 75.70+3.79° 85.10+4.26" 70.10+£3.51° 71.90+3.60° 74.30+3.72°
a-Linolenic acid (C18:3n3) 10.10+0.517 9.00+0.45% 9.80+0.49* 8.60+£0.43% 8.40+0.42° 8.40+0.42°
Eicosenic acid (C20:1) 2.60+0.13* nd nd nd nd nd
Total 267.20£13.36° 128.80+6.44¢ 182.10£9.11° 109.50+5.48¢ 114.30+5.72¢ 117.00+5.85¢
Total fatty acids 425.70421.29*  322.90+16.15°  388.10£19.41°  24430+12.22¢  259.60£12.98"  267.10+13.36°

DAl values are presented as the mean % SD of triplicate determination

PFood processing steps: PMR, Polygoni multiflori Radix; FPMR, fermented Polygoni multiflori Radix; RPMR, red Polygoni multiflori Radix; FRPMR,
fermented red Polygoni multiflori Radix; BPMR, black Polygoni multiflori Radix; and FBPMR, fermented black Polygoni multiflori Radix

Ind: not detected

DAl values within a column with different superscript letters are significantly different from each other at p <0.05 by Duncan’s multiple range test

(C12:0) FE =43 28 4o WE xole = glof &
T A 0 E YERYTE SR arachidic acid (C20:0),
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Z5A k43l BPMRI FBPMROM = BF AZEHA 2odtt.
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(C20:1) e 15 A3 B A 23 ghse AdS
LERHATH Table 2).
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= X3A|YLKI palmitic acid®} linoleic acid $Ho] =Tial
BSal & A7 Aok AR AS YERSIth =9
palmitic acidE ¥3Fele= IT3AEe o] HlwZd obysia
EXSALRS doll EQPgete] EF X Al gl A
3[35] o] GA £ AT Ao} IAETh

freopm At
PMROIA = citrulline3} phosphoserine®] &% A gk o L}
FPMROIM = citrulline 98] 22.84 mg/100 g0 & Z7}3t3ich.

HESt g-aminobutyric acid ¥ B-aminobutyric acid & O]
PMROIM = ZHzb 7.86 2 2.49 mg/100 g0]} 21} FPMROIME
247k 1521 2 2.94mg/100 g0 2 7+ 78Ik e o]
opiciks AlQ)E tiEe] HjEg oAt wE Tt
o wet Haske AEE UEriith 9 5444121 RPMR
FaAIZ] A3 FRPMROIA thiite] opwi=dto] F7fsl=
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100 g), cystine (9.61—12.64 mg/100g) 5o ZA Z713ITh.
BPMR % FBPMR 9 A] phosphoetanolamine (49.90— 63.69
mg/100 g), aspartic acid (8.14—8.53 mg/100 g), cystine (11.35
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Table 3 Comparison of the free amino acid contents of Polygoni multiflori Radix by food processing

Food processing steps?
Contents" (mg/100 g) P e

PMR FPMR RPMR FRPMR BPMR FBPMR
Non-essential amino acids
Phosphoserine nd® 22.84+1.14° nd nd nd nd
Phosphoetanolamine 65.98+3.30*) 50.48+2.52° 58.73+2.94% 56.48+2.82% 49.90+2.50° 63.69+3.18°
Proline 790.24+£39.51*  51528+25.76°  349.09+17.45%  426.77+21.84°  464.34+23.22°  347.69+17.38¢
Aspartic acid 8.25+0.41° 7.90+0.40 5.76£0.29° 7.45+0.37" 8.14+0.41° 8.53+0.43
Serine 11.500.58" 8.86=0.44° 5.67+0.28° 8.66+0.43" 6.960.35" nd
Aspartic acid - NH, 2.80+0.14° nd nd nd nd nd
Glutamic acid 26.24+1.31% 12.24+0.61° 15.30+0.77° 16.69+0.83° 27.33+1.37 12.14+0.61°
Glycine 5.37+0.27° 3.28+0.16¢ 1.37+0.07° 3.030.15° 2.38+0.12° 2.14+0.11°
Alanine 22.05+1.10° 16.51+0.83" 4.64+0.23° 10.59+0.53¢ 10.63£0.53¢ 8.29+0.41¢
Citrulline nd nd nd 7.19£0.36° nd nd
o-aminobutyric acid 7.86£0.39¢ 15.2120.76° 7.12+0.36¢ 10.81£0.54° 21.00£1.05* 19.72+0.99°
Cystine 13.64+0.68" 13.44+0.67* 9.61+0.48° 12.64+0.63% 11.35+0.57° 11.45+0.57°
Cystathionine 1.76+0.09° nd nd nd nd nd
Tyrosine 15.21£0.76* 7.93+0.40 8.56+0.43" 9.37+0.47° 4.66+0.23° 4.53+0.23°
B-alanine 7.55+0.38° 5.62+0.28° 2.16+0.11¢¢ 4.59+0.23° 1.35+0.07¢ 2.9440.15°
B-aminoisobutyric acid 2.49+0.12° 2.94+0.15% nd 3.68+0.18° 0.23+0.01¢ 2.41%0.12°
y-aminobutyric acid 48.18+2.41° 30.11+1.51° 19.43+0.97° 22.87+1.14° 29.17+1.46" 20.10£1.01°
Aminoethanol 4.83+0.24° 1.55+0.08° 0.55+0.03° 0.75+0.04° 0.72+0.04° 0.36+0.02¢
Hydroxylysine 1.19+0.06° 1.05+0.05% 0.92+0.05" 1.10£0.06 nd 1.07+0.05%
Ornithine nd 0.49+0.02° nd 1.22+0.06° nd 0.19+0.01°
Arginine 107.16+5.36" 45.43+2.27¢ 55.34£2.77° 47.154+2.36" 36.57+1.83¢ 16.02+0.80°
Total 1142.3£57.12"  761.16£38.06"  54425+27.21¢  651.04+32.55°  674.73£33.74°  521.27+£26.06°
Essential amino acids
Threonine 51.38+2.57° 19.65+0.98° 16.51£0.83% 18.28+0.91° 13.09+£0.65° 8.03+0.40¢
Valine 8.11+0.41% 9.77+0.49* 5.90+0.30° 9.11+0.46" 9.69+0.48° 7.90+0.40°
Methionine 1.66+0.08 1.05+0.05° 1.35£0.07% 1.33£0.07% nd nd
Isoleucine 4.89+0.249 10.13£0.51° 7.18+0.36° 11.94+0.60° 12.67+0.63° 17.09+0.85"
Leucine 2.91£0.15° 8.18+£0.41° 1.38+0.07° 3.730.19° nd 1.99+0.109
Phenylalanine 2.59+0.13% 2.3440.12° 3.2120.16° 3.89+0.19° 0.44=0.02¢ 3.22+0.16°
Lysine 2.86+0.14° 1.12+0.06° nd 0.95+0.05° 0.33+0.02° 0.34+0.02°
Histidine 5.82+0.29° 1.64+0.08" nd 1.59+0.08" nd nd
Total 80.22+4.01° 53.88+2.69" 35.53+1.78° 50.82+2.54° 36.22+1.81° 38.57+1.93°
Total amino acids 1222.52+61.13*  815.04£40.75°  579.78+28.99°  701.86+35.09°  512.65+25.63  559.84+27.99¢
Ammonia 5.49+0.27¢ 5.34+0.27¢ 3.630.18° 6.44%0.32° 12.35£0.62° 8.1420.41°

DAll values are presented as the mean = SD of triplicate determination

IFood processing steps: PMR, Polygoni multiflori Radix; FPMR, fermented Polygoni multiflori Radix; RPMR, red Polygoni multiflori Radix; FRPMR,
fermented red Polygoni multiflori Radix; BPMR, black Polygoni multiflori Radix; and FBPMR, fermented black Polygoni multiflori Radix

Ind: not detected

DAl values within a column with different superscript letters are significantly different from each other at p <0.05 by Duncan’s multiple range test
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Fig. 3 Comparison of the antioxidant activity of Polygoni multiflori Radix by food processing. (A) DPPH radical scavenging activity; (B) ABTS radical
scavenging activity; and (C) ferric reducing/antioxidant power. Food processing steps: PMR, Polygoni multiflori Radix; FPMR, fermented Polygoni
multiflori Radix; RPMR, red Polygoni multiflori Radix; FRPMR, fermented red Polygoni multiflori Radix; BPMR, black Polygoni multiflori Radix;
and FBPMR, fermented black Polygoni multiflori Radix. All values within a column with different superscript letters are significantly different from

each other at p <0.05 by Duncan’s multiple range test
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FPMROI A 4647 mg/g, RPMRO|A] 33.94 mg/g, FRPMRO| A
48.76 mg/g, BPMROIA 36.68 mg/g, FBPMRIA 34.35 mg/g®]
AZHAJY. F8 AWAT fFElobr| =ik palmitic acid
(C16:0)% proline®] 1T}, 2,2-diphenyl-1-picrylhydrazyl, 22'-
azino-bis (3-ethylbenzothiazoline-6-sulfonic acid) diammonium
salt 2012 &AAEA 2 FRAP #9082 diAZ PMR
(39.06%, 98.32%, % 2.61 O.D. - F&E &= 1.0 mgmL)l
7P e S BAoH 43 2R o Aisle A

w3l
Keywords & - AF7Hs - fit - & - Ats -
Phytochemicals
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