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Abstract

Helianthus tuberosus is a perennial plant in the genus, Asteraceae. Pork potato has various
pharmacological functions such as improving constipation, preventing bowel disease,
inhibiting colon cancer, reducing serum cholesterol, lowering blood lipids, and enhancing
blood sugar. This study investigated the physicochemical properties of fermented milk by
adding Helianthus tuberosus powder. During the fermentation process, the pH of the
fermented milk with added Helianthus tuberosus was higher after 16 hours of fermentation.
At 48 hours of fermentation, the pH decreased to 3.70, 3.65, 3.63, and 3.59 with 0% (the
control group), 1%, 3%, and 5% Helianthus tuberosus added, respectively. In the last 48 hours
of fermentation, the acidity increased to 2.35%, 2.57%, and 3.17% with 0% (the control
group), 1%, 3%, and 5% Helianthus tuberosus added, respectively. The number of lactic acid
bacteria increased as the quantity of Helianthus tuberosus added increased. The highest
number of lactic acid bacteria was 9.96 log CFU/g after 16 hours of fermentation with a
5% addition of Helianthus tuberosus . After 48 hours of fermentation, the amount of lactic
acid bacteria decreased to 7.84 log CFU/g and 7.88 log CFU/g in the control group and the
1% added Helianthus tuberosus group, respectively. The addition of 3% and 5% Helianthus
tuberosus increased the lactic acid bacteria count to 9.48 log CFU/ g and 9.81 log CFU/g,
respectively. As the fermentation time increased, oxalic acid and tartaric acid decreased but
lactic acid increased. Lactose degraded galactose and glucose over time. After 48 hours of
fermentation, the viscosity in the control, 1%, 3%, 5% added Helianthus tuberosus groups
increased to 1,006 cP, 1,026 cP, 1,040 cP, and 1,106 cP, respectively. The antioxidant effect
was higher in the 5% added Helianthus tuberosus group (84.14%) than in the control group
(80.39%) at 48 hours of fermentation. The concentration of polyphenol was 1.6 mg/g and
antimicrobial activity was strong against £ coli and Staphylococcus aureus.
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& GRS Fel) ASAIA] 91 do] wot vt mTjel F4A40) 7aET} S0 B
AcH9,10].
£ Q7 TRt AlRig 7150] Sl HAA B A BasS Axsiel olglek S48
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1. EX2e

B U%0) ASE SAER(ISS, WD A A0E AR P 2L Table 17
goml, 10% BULARE 0T 1082 Astel Agatslch

2. Starter

AR HEF Az ARESE starters= EHFFHABT-4: Lactobacillus acidophilus, Strepto-
coccus thermophiles, Bifidobacterium sp. CHR HANSEN Co., Denmark)E W& E3s}o]
ARESI31L, MRS brotholl ZEat0] 37ColA 484171 &<t Biestalet. 27 d<== 1.13x10°0[th

3. EiX|Axt 2

Ao A AE HHRDR B Helianthus tuberosus powder, HP)S Goodlife36504 Fujigk
S ARG SRR BEe] ARt RS E 3.6240.01 g ©53HE 78.41+0.60 g,
ZE 10.83+1.13 g, £A 0.60£0.03 g, 292 6.61+0.32 g, Aoldf4 AFE 14.74
1£0.45 gollem, HEF T 10.32+0.23 mgo|tH4].

r{u:

4, SHX|ZX 222 AUKSt Yeg HE
10% SLEAS 500 mLoll HPE 1.0%, 3.0%, 5.0%% &35t the U & starters 3% {E3H,
0, 4, 8, 16, 24, 48A7PEZ 37T oA iFatct. viefo] Bt & 4T FAaLoA 24417 Yztsk

Table 1. Chemical composition of skim milk powder

Composition (% of DM)
Moisture Protein Fat Ash Carbohydrate
Skim milk powder 7.12 31.84 0.09 7.82 5113
DM, dry matter.

Material
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At

5. pHet Aol £

HARA LRRE 0, 4, 8, 16, 24, 48Xt v} & pHE}F APAES S7gsielch. pHEHS pHS
A71(S20 Seven Easy™ pH, Meter Toledo AG, Schwerzenbach, Switzerland)= Z435}93ch.
A A= AR 9 gol 554 9 mLe phenolphthalein AIA19F 0.5 mLE A7t &, 0.1 N
NaOH=Z 2745 Aiksiitt,

6. dx+ =4
ABdeE 0, 4, 8, 16, 24, 4847 &< vis R M-S Marshal(1993)[1119] ¥Hol w} 104
314 & standard plate count(SPC)Holl Wt BCP agar(Eiken Chmical Co., Ltd. Shimotsuga-
gun, Tochigi, Japan)°ll £5510] 48A17F 8% F colony?] 47} 30-3007 HMYI= Vb Bks
A¥5lo] Jlog CFU(colony forming unit)/gl 2 HEAISHT

. FEEd 2 RN =H
e85 Y4EE]7)(Mega 17R, Hanil Science Industrial, Korea)S AF&5}] 3,700xgolA] 10
min 3¢ ARSI BeE 45AE AFste] 0.2 #M membrane filterg ARgSto] ot
& HPLC system(600E Multisolvent Delivery System, Waters Associates, USA)S AR&5}]
714 B 9 o RS BT AlE+= 7725 injector(Rheodyne, USA)E AMESO] 20 uL
£ FYsIA, Detectors= F71AE Saidi®t Warthesen[12], UV Detector(2487 UV detector,
Waters Associate., USA), @2 Refractive Index Detector(2410 RI Detector, Waters
Associates., USA)E ARESI3ITE Column F7 14} g 8 242 SUPELCOGEL C-610H(38
cmXx7.8 mm, Sigma-Aldrich Co., USA)}& ARE5FL, column® 2%+ Waters Column
Heater Module(serial #F98CHM095M)Z AR8st] 40CE FAISIIT. olsd2 f7 it & &
A2 HPLCE Water(TEDIA Company Inc., USA)?} 0.1% Phosphoric acids AR&sto] 1.0
mL/min®] f&50F 408 FF BAM5Itt Aol AgH EFEHL Sigma-Aldrich Co.
(Darmstadt, Germany)OllA +sto] £4of AR&sTt.

8. ABTS radical 275 ¥ Z2|Hi= ZA

ofgkZol| =2 0.2 mM DPPHOIA 0.8 mLE 7HFAL Sample 0.2 mLell 7Fote] 2R3E F o F2-
FollA 25CE 1087 HAAFS. Sampled 900x g0l 1& ¥4l F2lot] A5HS ELIZA
readerE 0]-8519 490 nmoA LS 245194} F phenolics 2 Folin Denis#[13].2.
2 S4sIeith 295 34t & & 0.5 mLE AldTol| £551, 25% NaxCOs €94 0.5 mLE
A7¥ste] 387 HAJAIAEE THA] 2N Folin-Ciocalteu phenol A19F 0.25 mLE H7Iso] &35t
Th 30Tl 30% &2t Alste] WX WAE S 750 nmollA w3 =A|(Spectronic
2D, Thermo Spectronic, Rochester, NY, USA)E AREslo] SF=E &4ttt ol &
phenolics 31 gallic acidE o]-&sto] 2t EEFAo|A SRS Lottt 24 AE2 33]
HHEsto] Bagho 2 YepfQict.

9. B gt

HRAAA a9 Are= FEABM type, Tokimee Inc, Tokyo, Japan)s o851 0, 4, 8,
16, 24, 48A17F il - S51%12H, spindle No. 1-3& ©]-85}o] 60 rpmo& 14 &%t S745t
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o] Centi Poise(cP)#o2 YERNSICT.

10. Sy ZA

Escherichia coli(KCTC1039), Staphylococcus aureus(KCTC1621) BAA ujAES KCTC
ZRE B oy, T 570 HYd vES 47 100 pLE 96 well microplated] ¥, $£H]
Y nPES LB HiRlol 3% s AESAZIAL welld 100 pLA 47KE Fof] 37CfA 244]

7+ SOt v gsPHA 3A)7Hkt microplate reader ©]-83519] 650 nmolA SR EE 245

Za 9 2%

1. pHe} L 3}
9 F pHOJ HSH= Fig. 10 UeRd viel Zo], thx7rE} sjiat 2 Frlgofa] 2 Ajzto]
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Fig. 1. The changes of pH, titratable acidity and viable cell counts in fermented milk with
Helianthus tuberosus powder by different concentrations during 48 h at 37C. O, Control; [, 1.0%
HP; A, 3.0% HP; &, 5.0% HP. HP, Helianthus tuberosus powder.
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Zo|™E pH gho] Aot Eal, SRR B A2l7t9] pHeto] tiao] vlof wi2A| 7ha
o7t 16A17E o] 3 HE H71E9] pHlo] B WA S ET, E HE 48AI7IA diRT
3.7, A= 1%, 3%, 5%= 27+ 3.65, 3.63, 3.59% pH7t B2 ol AS & 4= QI9itt. =X
A} Ego] fANF] tiARREOl J3RS wId A, 714 S0 FFE viAle Ae 5 AN
o}, o= BOFERE H7RE HaRe] pHES 548 ZHE ATH14]. Al Hsk= 2T 48
ARZE A SR 2.35, 1%, 3%, 5% A7HOlA 2442 2.57, 2.93, 3.17=2 W& Ajzto] gt
of we} A7t =4 YERdT

2, U =

oE F fANE 9] WHek= Fig. 10 YeRd bl 2ok 5% A7l 16417 Ha & 94t
7t 9.96 log CFU/go2 7M &A1 4=, 272} 1%, 3% A== 27+ 9.79, 9.91,
9.89 log CFU/g2& fANFS] 471 A9 vt 2102 Yepytt. o= Uaf AR F 4k
9] JAHANA HAZAF 7 1L Qs G0l Qg 2 o= 7RI, pHE Aot uprt
A2 HAAAL Ego] fAkt Aol FEjobA A8ok= A0 et o S45E 7R &
TFE2EQ] Aol FARIH15].

E

[

-

3. |71 MY
98 = GU)Ake] WSk Fig. 29 Zth HXRF £ Hrieo] 718kl wet oxalic acidet
tartaric acid®= FAEIY, lactic acid’t Z71== A4S B} E9] lactic acide ¥a 16417
R 3 7loke A3 Btk AR Sk 57 4e] 555 EH citric acid, malic acid,
succinic acid@.2H, RS malic acid’} 7F¢ =9k1, TheC & citric acid® VERFTH16].

U8R 5 T w2 Hek= Fig 33 2tk ¥E& 2719 lactosew A7} XIY=HA] glucoset

Fig. 2. HPLC analysis for changes of organic acid during fermentation. A, Control (Not added HP);
B, 1% HP; C, 3% HP; D, 5% HP. Fermentation time: a (0 h), b (4 h), ¢ (8 h), d (16 h), e (24
h), f (48 h). 1, oxalic acid; 2, tartaric acid; 3, lactic acid; HP, Helianthus tuberosus powder.
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Fig. 3. HPLC analysis for changes of carbohydrate during fermentation. A, Control (not added HP);
B, 1% HP; C, 3% HP; D, 5% HP. Fermentation time: a (0 h), b (4 h), ¢ (8 h), d (16 h), e (24
h), f (48 h). 1, maltose; 2, lactose; 3, glucose; 4, galactose.

galactose® wol=| L, A Alte] ZHupgto] wet glucose= HAF AAE I R 16A1E o] %
FHE= glucoseZt 1Z2= ). AR f2d 57+ sucrose, fructose, galactose, glucose
2 YUeERtOoH, sucrosed] o] 7 =ttH171.

5. gilst g1t ¥ S2|His o
R AR} gha-3-0] Akst 3= Fig. 40f UeRd viel it} 25 ha A1 48417 o] iR
80.39%%2 WERFAL, 1%, 3%, 5% AT 212 79.5%, 81.42%, 84.14%% SR ZAET &7

ﬁ
—_
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Fig. 4. ABTS radical scavenging of milk with Helianthus tuberosus powder by different concen-
trations after 0, 24, and 48 h incubation.
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2jo] F71HL WL AZIo] LoJH4S et At 7 ZAEIIE TR HXjgA At At
oA olehe F2E HAIRS 1) B 5.0 mg/mLe] AlZe] FEoA 66.41% 53.37%2) B
2 vehygieH1g]

_ _Abs (sample)— Abs (sample blank)

RSA(%)=1 Abs (control)

x 100

RAe] Felths | 6 1.6 ¢/s0R RASY Selthsy Bh A, Y, 97
5 ToRet e b ghtsle] QB AA17] SRRl et Selus kil
o] Ik BuskeH19-21

6. M ZAt

SRR AR M Fig. 50 el viek 2k 8AIRF aolA 3%, 5% A7-= 242 462
cP, 604 cPE &A Yehgoy, gi27E 17.1 P, 1% 7= 21.6 PE F=of 2 HWap} I
ok 22 16417 aERE R 450 P, 1% H7HE 616 P2 FF5] 7151t 2F 484
b aoAE iR 1,006 cP, 1%, 3%, 5% d7F~= 22+ 1,026 cP, 1,040 cP, 1,106 cP=
AR 7 Fgo] w24 E AwUt #A SAE gtdos 49 elo] e curde
LAFdbg Al 29 chlzlo] =43 A, proteased] 25t B3 21 9 GARF] QJgt poly-
saccharide®] /3 5o ool A 0= Yojdrial Hirxjo] QIrh22]. Eeh A& 9 A/4 5
S F=rt A5 4 Qokal Barstgrh15).

7. & 53
QAR £ coliol W3t Ft BIR= Fig. 6] VR v} 2ok 48ATE HileF Al til2M= 0.46
o7 ZAEJA, 1%, 3%, 5% F7M= BF 0.082 HAAA B Hrleo] w2 dra i
S A7l A4S Rt o A YT Staphylococcus aureus©l TRt St
+ Fig. 700 UERd e} At 48AIRE wieRt thaT= 0.46°1903L, 1%, 3%, 5% 7= 0.
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Fig. 5. The changes of viscosity in fermented milk with Helianthus tuberosus powder by different
concentrations during 48 h at 37C. O, Control; [J, 1.0% HP; A, 3.0% HP; <, 5.0% HP.

www.ksdst.org



SRR 2 B

48R 0j3IEHY S

www.ksdst.org

0.50
0.45
0.40
0.35
0.30
0.25
0.20
0.15
0.10
0.05
0.00

0.50
0.45
0.40
0.35
0.30
0.25
0.20
0.15
0.10
0.05
0.00

Oh

3h

6h

Control

9h 12h 15h 18h 21h 24h

3%

3h

6h

9h 12h 15h 18h 21h 24h

0.60

0.50

0.40

0.30

0.20

0.10

0.00

0.50
0.45
0.40
0.35
0.30
0.25
0.20
0.15
0.10
0.05
0.00

1%

Oh

3h 6h Sh 12h 15h 18h 21h 24h

5%

3h 6h 9h 12h 15h 18h 21h 24h

Fig. 6. Antimicrobial activity of fermented milk with Helianthus tuberosus powder against E. coli
(KCTC1039). A, Control; O, 0 h; [0, 8 h; &, 24 h; x, 48 h.
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Fig. 7. Antimicrobial activity of fermented milk with Helianthus tuberosus powder against
Staphylococcus aureus (KCTC1621). A, Control; O, 0 h; O, 8 h; &, 24 h; x, 48 h.
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