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Abstract

It is well documented that the fruit of the vitamin tree, which is rich in vitamins A, C, E, and
K, shows anti-diabetic, antibacterial, immune regulation, anti-inflammatory, and anti-aging
effects. In some countries including Europe it has been used to develop various functional
foods. This study was conducted to elucidate the fermentation properties of fermented milk
supplemented with vitamin tree (Hippophae rhamnoides L.) fruit powder. The pH, titratable
acidity, number of viable cells, and viscosity of the yogurt made with vitamin tree fruit powder
were found to be higher than those of the control group, as the amount of supplemented
powder added became higher and the fermentation progressed. Production of lactic, malic,
and acetic acids increased relative to that of the control as the amounts of supplemented
powder were higher. It was found that the increase in the decomposition of lactose to
glucose and galactose was proportional to the amount of supplemented powder added and
the elapsed fermentation time. During storage for 15 days the quality of yogurt supplemented
with vitamin tree fruit powder was within the proper range of fermented milk quality in terms
of pH, titratable acidity, and number of lactic acid bacteria. The yoghurt manufactured with
vitamin tree fruit powder has a similar quality to that of the control, and therefore, a new
functional yoghurt providing health benefits could be developed.

Key words: Hippophae rhamnoides L, lactic acid, storability, titratability acidity,
viable cells
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HIEPIURI ol @ L2 E A Zof] AFE-Sh= starter= 2 3w3+YC-X11, CHR HANSEN Co., Horsholm, Denmark) -
Tulisto] AR8-8HA AL, starter2] R4kt 732 Lactobacillus delbrueckii subsp, Bulgaricus, Streptococcus thermophilus©]
C}. Stater= 2H-Froll E-5to] 31 Alul g & f-4bt4714.5 X 10° CFU-mL! & 2301 3.85 X 10° CFU'mL"
==& 3]Asto] A|R9] 3%E HEotAT HIERRIU-F- A1l (Hippophae thamnoides L. powder, HP)= FAEFY -2
(Hunana Delore Naural product, Changsha, China)°l|A] Lo H H]EFIUR Gol 25 22 100%= AHE-51H3I T

HIEFILIS 0] B2e Mytst QP2 E KT

10% B2 ol HPE 24241, 3, 5% 5 STt starterS 3% HE 50,4, 8, 12, 16, 241K H 3} Bl &
o] it £ 4°C YoM 2443t 573 S A AISIITHFig. 1).

Reconstitution milk (skim milk 10%)
1
Adding of Vitamin fruit powder (1, 2, 5%)
1
Heat treatment (90°C, 10 min)
i
Cooling (37°C)
1
Starter inoculation (3% YC-X11)
1
Fermentation (37°C, 24 h)

1

Storage (4°C, 24 h)

Fig. 1. Manufacturing process of fermented milk with Vitamin fruit powder added.
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Results and Discussion

pHEt HFME W}

HIERRILFR Aol B 7} @ 12 E 9] pHe= Fig, 201| Lrehd Bet Zro] tjALof| vl 2] 2] FLojjA] ’EgA|Zte] 2
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SHE HRTE=02, 2T 1, 2, 5%= 22046, 0.79, 0.83, 0.852 Fho] =7 LFERGTE 2= 24417 dhg oA thx
T= 087, BT 1, 2, 5% 2H2F0.98, 1.00, 1,002 8 H|S=6}] O L Mg A|7ko] 3 nisto]| whef b Bk HIERIL:
HAu)E H715t @ 12 Eoj A &7 Uttt

8
S —
":.IR
6% :
A% v
5 o
5 4
3
2t
1 -
0 n i L n 3
0 4 8 12 16 24
Fermentation time (h)
1271
S
=
S
[}
©
2
e}
@
o
ﬁ

0.0

0 4 8 12 16 24

Fermentation time (h)

Fig. 2. Changes of pH and titratable acidity in yoghurt manufactured with Hippophae rhamnoides L.
powder during fermentation for 24 h at 37°C. O, control; A, 1% [, 2%, <, 5%.
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U HE T 24X 2= 966.67 cp, 1, 2% 87F= ZH2E 1,093.33, 1,160 cPE HJEFFILR- ) 22
7hgol =245 At A A=A 1y @R S = I 5% H7HE 150 PR 2 HES HY
o} Azol JFS njx]= Q91 QA HFE A] 2.9 thl o] 2 proteaseo]] O3t Hall W S-31, §-Akfol| o5t
polysaccharide AJ/d 5-0ll &Jsl| 534 02 dojdthial B 1511 thJung and Ju, 1997).
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Fig. 3. Changes of viscosity in yoghurt with Hippophae rhamnoides L. powder during fermentation for 24 h
at 37°C. O, control; A\, 1%; [, 2%; <, 5%.
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gol EafiE o] Fatdt 7t s = fak o ti2Tet A 2Tt HIet aEo 2 entshA S7kshe A
2 FRIEUT Ea 0A[ZF 4AIRE 8AIZOIAM = TRk 2 2] B W] SeShA| LERTE 12U ’EE 124

FHREE 2T 5.13 X 10'CFUmL", |2 1,2, 5%= 212599 X 107, 1.1X10°, 1.74X 10’ CFUmL"' 2. &
o] A 2=} B 2491 2447kl A TR 631X 10° CFU'mL", 2]+ 1, 2, 5= 2H2F 977X 10%, 6,31
X 10%, 6.31X10° CFU'mL" Q. & T2} x| 2| 4L B H|5h fakdt 2 YERGTE $hH, o] H7F 12 E9]
FabE 25 710l w245 tiRTo)| vt fAke] A80] ZXIE| A ThKim etal., 2003). kA QTjek 7+
o] HIepl dufjo]] $hf-el =g} Fpol] of sl fatwt o] Adso] ZX1E 2= AFRETH Amorose 5(1988)2
=g whge] gl fratat Asoll 92 niFlthal Ealskgl=t, ol HIEtIu-FEulo]] e fructose@t
glucose®] /& (Lee etal,, 2018) = Fiht S40l E5& & A2 ARH
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Fig. 4. Changes of the number of lactic acid bacteria in yoghurt having Hippophae rhamnoides L. powder
during fermentation for 24 h at 37°C. O, control; A\, 1%; [, 2%, <, 5%.
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g o] §714e] MBHE Fig 59} 2} BlEbLFR e 2 H7}o] Z7hael ufek malic acids] e 27}
=01, g A|7to] Z]gol] whet lactic acid7F 57 = S ERITH 53] lactic acid®} acetic acid= BIEFTILF
Qo 52 17 Xl 7o) W 12ARHRE T Sbshe 4 B9t 9-90] B9E lactoscs} HIEFRILIT
Ao Eato]] ShF-E|o] = glucose S F-4tto| o]-&alA] thHAMHE-R lactic acid2} acetic acidS A4 5131 7] wi#o]
). o]= QIak H7F @2 E A R0 A AdE 7714} fAFRE Z2K(Lee and Paek, 2003y WEFUI =t HIEFRI
Lol Rte] g7 Ao] @7 0] 714 4] L T Ao AR S vl R )
of $h8-= §7]AF 27 Emalic acid, lactic acid, acetic acid”} 1.2 M, $HF-2 malic acid”’} 7 =343, TF2-O & acetic

= p
acid, lactic acid =0 2 X 15} ThLee et al., 2018).
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Fig. 5. Production of organic acid in yoghurt with Hjppophae rhamnoides L. powder during fermen-tation
for 24 h at 37°C. (A) Control, (B) 1%, (C) 2%, (D) 5%. 1, oxalic acid; 2, malic acid; 3, lactic acid; 4, acetic acid;
HP, Hippophae rhamnoides L. powder.
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FEE3H
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2003). Fig. 6°1|A] = 8}e} ZHo] A= TR T2 fructos glucose2} galactose®} =8| =]+ Aol H] 2510 -2 peak
o &&ts]o] Hal== A o= W= M B (1%)2) C (2%)°l] Bl3H D (5%)3 7= 2 0AI7HEH fructose”F 21 =]
N FFE Hhg A|7to] Zoj o) uhet fructos?} galactose ol S7FeHE & 4= ATt o]= vl Yoo #
2 7= fructose®} glucose® UEFE O M, 1 F fructose?] EFo] 7He okl H gt 2k A% 5 THLee
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Fig. 6. Changes of carbohydrate in yoghurt with Hippophae rhamnoides L. powder during fermen-tation for
24 h at 37°C. (A) Control, (B) 1%, (C) 2%, (D) 5%. 1, lactose; 2, glucose, galac-tose, fructose; HP, Hippophae
rhamnoides L. powder.
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Total polyphenol

Polyphenol /g2~ flavonoids, catechin, anthocyanin = Elg %—@“@9& Habt oz Auoi] gAleiate
< &oto] eahz|, FH7S ., 2000). HEFIU-FAn)] 22 7} Q= E0] &
polyphenol $H&FS- =75+ A3k=Fig, 70| Zﬂ*lﬂ H}a} 7H:} Hha JOJ24AI7MH ZF=904mgmL o™ 1,2,5% 3
7t tiRAtol] vlal ZH2 1249, 14.83,36.12 mgmL' 2 HIEFTILR Aol 228 o] 7fsial WraAl7to] o4
£ Eojuls ggo] =7 Uehhe 2l B 4= QIGIT. o2k fAkeE A3t 2 F: polyphenol EFo] HIEFRIUE £717F
238 mgmL", Gul 237 mg'mL", 2©] 3.80 mg'mL "2 Z polyphenol S&F0] Yu} Lol == Al2]&/d AdHo] ghaE|o] 3l

S 3018k 4~ Q) ATHCho and Kim, 2015). T3 AR 1171 2 b 7 @ o] B9 47} @ 312 E(Sung and Choi, 2014)2¢
H| w5}l wf H]EFRIUR- G| 22 3471 2512 E 9] - polyphenol 3ol =4t
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Total phenolic contents (mg-g™)

con 1% 2% 5%
0h ©12h ®24h

Fig. 7. Changes of total phenolics in yoghurt with Hippophae rhamnoides L. powder during fermentation
for 24 h at 37°C. All values are mean = standard deviation (SD) (p < 0.05).
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Table 1. Change of pH, TA, and viable cells in yoghurt made with Hjppophae rhamnoides L. powder during
storage for 15 days at 4°C (p < 0.05).

e Storage period (day)
0 3 6 9 12 15
pH
Control 4.18(x0.01) 4.12(*001) 4.05(£0.01) 4.06 (£0.01) 399 (+0.01) 391 0.01)
1% 425*001) 423 (x001) 43(*0.01) 429 (x001) 425@001) 4.13 (£001)
2% 425001) 423 (+001) 4.19(x001) 4.16(£0.01) 4.11(*0.01) 4.05(x001)
5% 3.71(x0.01) 3.72(x0.01) 3.69(x0.01) 3.7(=001) 3.69(x0.01) 3.69(*0.01)
TA (%)
Control 0.89 (£0.01) 09=0.01) 092 (£0.01) 093 (£0.01) 1 (x001) 1(=001)
1% 095 (£0.01) 094 (+0.01) 098 (£0.01) 1.11 &0.01) 1.12(x001) 1.13(x001)
2% 1(=001) 1(0.01) 1.13(x0.01) 1.15x0.01) 1.150.01) 1.18(x0.01)
5% 1.25001) 125@*0.01) 126 (0.01) 127 (x001) 128 (x0.01) 1.3 (*0.01)

Viable cell counts (CFU-mL")
Control ~ 398x10°*003)  407x10°@E002)  417x10°¢002) 447x10°*0024)  457x10°*002)  5.13x10°(0.10)

1% 427x10°003)  468x10°E002)  5.13x10°x003) 513x10°*0026)  524x10°002) 524 10°(=0.02)
2% 437x10°@*002)  501x10°@002) 562x10°*002) 525x10°@*0019)  550x10°@002)  550x 10° +0.02)
5% 457x10°@E002)  490x10°@*002)  525x10°*002) 537x10°*0019)  575x10°*002)  5.75x 10°(=0.02)
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Fig. 8. Sensory evaluation in yogurt with Hippophae rhamnOIdes L. powder determined at age of 12 days
after fermentation for 24 h at 37°C. (A) Control, (B) 1%, (C) 2%, (D 5)5%. HP, Hippophae rhamnoides L.
powder.
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Conclusion

HEtRlLb ) Rehe 71 @ 72 E o] B4 gabFe] 48E ZX5ta, Se] W Halel HEst 27t
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89y, 47477k 28K 9he Urebulgich. wheba) e U] Bake ke e 72 o] AlEs 27
2E0) 7|54 S Z7HIA LEIHA| o) Wi g AYbol 7|0t 2o Yehake
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