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Effects of Ascorbic Acid in Skim Milk During Light Storage
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Abstract

To investigate the effects of ascorbic acid, an effective activated-oxygen quencher, contents of retinyl
palmitate isomers, riboflavin and color changes in skim milk were measured. Light illumination induced
the reduction of ali-trans-retinyl palmitate and 13-cis retinyl palmitate, but the contents of all-trans-ret-
inyl palmitate and 13-cis retinyl palmitate in skim milk treated with ascorbic acid were considerably
higher than the skim milk without ascorbic acid. Light illumination induced the of 9-cis retinyl palmitate
production, and the addition of ascorbic acid greatly promoted the formation of 9-cis retinyl palmitate
in skim milk during light storage. As the light illumination hr increased, the riboflavin content in skim
milk greatly decreased, but the addition of ascorbic acid inhibited reduction of riboflavin. The color
parameters of L(lightness), -a(greenness) and b(yellowness) in skim milk decreased after light illumina-
tion. However, ascorbic acid treatment protected effectively the changes in these color parameters in

skim milk during the light illumination.
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ol oF 85%7F FASIRE g o|HIF AAE A
BE dusa gloy o7& EE & Uve WY
Eo] /MR E3lx FHAE 2d3h= €718 A}
L3l 23 WY ddle 533 & dgke
Fohh R B 9leni(deMan, 1978; Hedrick®
Glass, 1975; Nelson3} Catheart, 1984), 7]&ol| 4
7 dFFE JAAQ carotenoid 2 tocopherol-S:
A7rete /9 FASE A EHE AErA R
Ao A AT

wlgtr B A7 M ascorbic acidE ol A
7VeH 739, ascorbic acid7} FAlel 23 Ex¢-Hu)
oA retinyl palmitate®] ©1433} BXE, riboflavin %
Awe] W3l 58 drit agHoz AAE & 9l
X8 AF d7E B3 dFh SAFE
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IHE

B A AT Sfe FEuigm oo st
BEuaox A F 75°C, 15%37 A3 208
E¢t 33] YAE) (6000 rpm, 4°C)3l] €AA7] ¥
Gerber#(A.O.A.C., 1995)°] 2j& xgtekg &
slod 0.1%°]312] EALHE A EE AMEEg

Light storage box

Light storage boxt Jung et al(1991)2] 3ol
w2} glass plaest VWA AIE A|2bsle] HaggelA
glass plate7bA9] 72 20emZ 390, AR E
A A8 serum bottleS glass plateol] &2l F=
Ab BIRTE olufe] Bl 570¢] lightning 15 watt
cool white fluorescent lampE A3t}

HZXEAA] ascorbic acidoll 2|8t retinyl palmitate

isomer2| 45}
2] -fof retinyl palmitateE 7}3}A]17]7] Hshe
Zahar et al(1987)¢] ol wlel all-trans-retinyl
O A A

palmitate(Sigma, Co., USA)E camrier oil¢]l 254
ol 4 FHrreta o3-S oAl x|/ A7t

3ok ol Saf= 0.1%(w/hv), retingl palmi-
tatew 639.8 ug/L7t HxE Hrketdo) #7138 all-
trans-retinyl palmitate®] =& HPLCZ £33 Z
3}, 13-cis-retinyl palmitate”} 6.2%3%E F-H=o)
01 9-cis-retinyl palmitater SAH3EA] R3UT}. ©)
£vE Al8ge I3 71(APV Gaulin homogenizer
Lab 60-10tbs, Germany)Z ZA3}3le 4°Cel 3%
HollA 3T WX F ascorbic acidE 0, 0.025,
0.05, 0.1%(w/)2] FE& retinyl palmitateS 733}
7 BA-fl 7Rtk ZA€ A8 35mLe
Er3t glass serum bottle®] 30 mL¥ F&sA @
I AFrlS: aluminum capl® WHAZ F
Fakourelis et al.(1987)3} Jung et al(1989)9] =4
o) whe} 3300 luxe] FEE 0, 6, 12, 18, 24, 304]
7F light storage boxolA] FZA}F 3.

F2AL AR A EAFRs retinyl palmitate
isomer®] #42 Thomson et al(1980) €& 38
of we}l ethanols} n-hexaned SviZE sl F&3}
o HPLCE B39t HPLC Z7L Gaylord er
al.(1986)¢]  We] wEk HPLC(Model 6000A,
Waters, Milford, MA)Z #4311t} o|®9] HPLC
B4 2742 Two-Sum Spherical Silica column
(Waters, Millipore Corp., Milford, MA), °©|&4&
hexane:diethyl ether(99:1, vw)& &} 1.5 mL/min
¢ f4o2 254 nmelA A&

HZALA| ascorbic acidof 2|8t riboflavin & A4
zo| W3}

G289 FEAM ascorbic acid®) ¥ ribo-
flavin ¥ MTW3E ZA&}7] $135}a] ascorbic acid
o] gL 0, 0025 005 Z 0.1%wme] FE7t
HEE & ABE AR £ ascorbic acid
o] dFFAAE AAFE RIS At dFFAt
4 AAANE 232 sodium azideE 7+ 278l
A 568 mMe] HZE Hulste] A|E2 AMEES
g ZAE AE+e 35mLe 93 glass serum
bottle®l] 30mLY BEsA Wi ZFve} al-
uminum cap2E YHAIZL F 3300 lux] FEoA
0, 1, 2, 3, 5 1027+ FRF light storage boxolA
F2A AR O AlR F riboflaving] $HEt Aw
W3l F43uth g riboflavin®] TS
AlE 10mLol 333% acetic acid®<% 0.3 mLe}
33.3% sodium acetate 8% 03 mLE A3 wou
A SE7F MRS ket T 3500 pmellAl 30E-7E
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24 #2)5led riboflavine] THE 4ENE 02um
membrane filter2 B&ES AASIIL Ashoor et al.
(1983)¢] wWyo] ule} HPLC(Spec-tra-Physics,
Fremont, CA)E &% 384t} ojule] HPLC BA4%x
72 Versapack C,; column(10pm, 4.1X250 mm,
Alltech Associates, Inc., Deerfield, IL), °]F4<
Water : methanol:acetic acid (68:32: 0.1, vWiv)E
gl 1.0 mL/ming] F4502 270 nmellM FA1310)

F2AF A7 gA9-Re A wshke M3 &4
7l(Minolta CR 300 colorimeter, Tokyo, Japan)E&
o]€-3le] Hunter L(lightness), -a(greenness), b
(yellowness)&& T-3FH

SAEN

2E A¥e] BAEAL Suatstcal Analysis
System Version 5 edition, SAS Institute. Cary,
NC)(1985y& AH&-8}dTt.
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ZXALA| ascorbic acidOfl 2|8t all-trans-retinyl
palmitate2| Bi5}

Retinyl palmitate® ZF3MA71 ©A)-¢-Foll ascorbic
acid® A7}sk BEA YL o) BT all-trans-
retinyl palmitate®] 3 Wshe Fig. 13 7t} €4
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Fig. 1. Effects of ascorbic acid on the contents of all-
trans-retinyl palmitate in skim milk during light storage
742°C. Mean values within the same storage times with
different italic letters were significantly different (p<0.05).

4ol 733217 all-trans-retiny]l palmitatess ZR2A}
AlZbol F7HgHel wie} ZA 7FASIYUAL 30A7 F
ote]l FZALER 623%7F FHAsUT. 2y
aluminum foil2 W& s Hfede 3007 #
ZAL Follx e 2 o] AR ¥%trhdata
not shown). ©] A= FRAIZ sl +FNe all-
trans-retinyl palmitate®] o] #AAFE R ¢
= AN Gaylord er al(1986)2 4°ColA 1614 lux
of 222 48A17+5¢t FFAY A& W all-trans-
retinyl palmitate®] o] 1.31 pg/mLolA 0.50 pg/
mLE 7Astdoy Basiac.

a8y EA9-fol ascorbic acide] H7IE $RF
9] all-trans-retinyl palmitate®] 33 7Ha&7F @A 3]
A =Tt & X959l ascorbic acidE 0, 0.025,
005 % 0.1% F7Hled 3047 B3t FRARE A5
all-trans-retinyl  palmitate®] &2 2tzh 226.5,
354.5, 3726, 392.1 ug/L=E all-trans-retinyl palmi-
tate T HAE 77 343, 39.1, 44.1% AAEA
t}. Duncan’s multiple range test®] A3}, ascorbic
acid H7FeF FAH7FE] fre)xbrh 1A HAUAL
(p<0.05), 0.025~0.1%9] ascorbic acid H7FF{HlE
AME AP JAAHA Udthp>0.05). ol T F
AEA A3} ascorbic acid®] A7}l 0.025% L&
72 o)4d Wl all-trans-retinyl palmitate A4S
AR AAATIE AE o F AU deMan
(1978), Hedrick®} Glass(1975) % Nelsond}
Catheart(1984)y= "ol €% $-F-2| vitamin A 7ta
€ Az 8 A8 FFe TAAE AT
2M vitamin A9 TAE QAT = i AL

o|g} o] oA AFe EAAE o]&F
21 WHE W, shehEQ] W oJ§ FAtske
JAAF= AE FotE ¢ UATH

ZZALA| ascorbic acidOff 2|8t 9-cis-retinyl
palmitate2| 45}

Retiny! palmitate® 738HA17] @]9l ascorbic
acid® 718l FRAME o all-trans-retinyl
palmitate”} ©]/d3}=o) Y= 9-cis-retinyl palmi-
tate®] FFWs= Fig. 29 Zv). €@X9-Foll A3t
AlZl retinyl palmitate EFFN=  9-cis-retinyl
palmitate”t SAI8EA] @kgkom, gzAtell ofs) 9-cis-
retinyl palmitate”} 18A170742] F718tRvk7E A =b
A& & EA$FolAde  all-rrans-retinyl
palmitate”} FFALE 9-cis form2E o] 3stE & &
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% A%tk o] AIAE Gaylord er al.(1986)3 Zahar
et al(1987)°] B@F =stolM EXHH all-
trans-retinyl palmitate”} 9-cis-retinyl palmi-tate2 ©]
Astevke Boeh x|t

22} ascorbic acid® H7FSF A%, L S
A D42 9cis-reting] palmitate®] A& Z7181
o}, & ascorbic acidE 0.025~0.1% #H7ksled 304
7v FZAM 9-cis-retinyl palmitate®] FH-S 74zt
117.3, 1025, 1015 ug/LZ F7+8F4 T Ascorbic
acid& AT EAFFAAME  all-transretiny
palmitate®] ZHA7F & o] 9-cis-retinyl palmitate®] ¥
ol Ag Aoz Ao, wite] Zgke)A
o}, o] AL FRAA] BAS-FolA retinyl palmitate
isomere] At3}e} gll-trans formoiA 9-cis formoZ
o] o] g3}t FA douir] WEY Foem FE
e}

Ascorbic acid¥= superoxide anions} A% 4kie)
AAH AAHAZE 9-cis-retinyl palmitate®] 23L&
A Z|RIRE 9ocis-retinyl palmitate22] olA3h= W
A= Fal7] wjEel 2 A3} ascorbic acidg 3
74t @R §RollA 9-cis-retinyl palmitate2] $}HaFo]
e Ao vehdtiy Alg9rh Duncan's multiple
range test®] A3}, ascorbic acid H7M-o} EHI
9] 9-cis-retinyl palmitate®] FraFztel| fF2Jxp7t Q1A
A3 (p<0.05), afl-trans-retinyl palmitateS} w7}
AR Frztelle frelrt QB8R 8tch(p>0.05).
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Fig. 2. Effects of ascorbic acid on the contents of 9-cis-
retinyl palmitate in skim milk during light storage 7+2°C.
Mean values within the same storage times with different
italic letters were significantly different (p<0.05).

ZXAIA| ascorbic acidO| 2|8t 13-cis-retinyl
palmitate?| 45}

Retiny! palmitate® 738171 €499l ascorbic
acidg& #H7iste] JERAMAE @ 13-cis-retinyl
palmitate®] ¥ #E3l= Fig. 33 7t Ascorbic
acid FH7MrE BRAR L] F71EeE XEFol
F3HE 39.7 ug/l(all-trans-retinyl palmitate®] 6.2%)
AN Hx HasAct o] AFe Gaylord er al
(19861 £18F 13-cis-retinyl palmitate®] $aFo] F=
AR ZEe] F7tR AA S AaEiche Astet A9
R A=

Ascorbic acidE H7HY 79 FRAM] EA
o)A 13-cis-retinyl palmitate®] T FL F7}sle
ascorbic acid ¥ 779} FH7FFel  13-cis-retinyl
palmitate®] gl H-2)2x7F A4 = A (p<0.05).

o] Ade FRA o3 EA-FolM all-trans-
retinyl palmitate”} 9-cis®t 13-cis®] isomer= ©]/ 3}
H A9k 13-cis-retinyl palmitate®] FE|Z o] s==
¥ e Aoz UePth Ascorbic acid® 7}
84 o2 GAFolA 13-cisretinyl palmitate®] &
HZ oldslsl= A3 13-cis-retinyl palmitate®] 4F
37t FAlel b3 13-cis-retinyl palmitate®] At
glgo] olAdslgRT wWE Aoz AZdc. 1
1} ascorbic acid 3 7FAol= 13-cis-retinyl palmitate
o] Mg HAger ZaAZ 2V all-trans-retingl
palmitate”} 13-cis-retinyl palmitate® ©]d3}=& A

@ Control

- 0.025% Ascorbic Acid
—a&— 0.05% Ascorbic Acid
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Fig. 3. Effects of ascorbic acid on the contents of 13-cis-
retinyl palmitate in skim milk during light storage 7+2°C.
Mean values within the same storage times with different
italic letters were significantly different (p<0.05).
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ol2{3t A= ascorbic acid’} superoxide anion
3 dFgataret e FYALE AHFoE 2A
oz FxAselM X/ retinyl palmitate
olgAESY ME aFHHoE Azt ALE
Ebstth

ZZAIA| ascorbic acid0| 2|8t riboflavin®| Ei3}

Ascorbic acidE H71F X9l 3300 luxE 3
FAF AIHE W FZRAF A7) wE riboflavin®] §
Zsh= Fig 491 72th @219 riboflavin®] ¥
Fe FRAAIZe] FIMgel ulel AA S ZAES
o & 10N FRAF F X SFoA Y
riboflavin 2 59.1%2] riboflavino] At}
a8y aluminum foil2 WL A3 HS- 1047F
FZRAF Fox AFH 23R GUchdata not
shown). Aurand et al(1977) Z Buetiner®} Need
1985y FZ7AsINA x| -folA 9] riboflavin®]
74 superoxide anion?t YFEFAIAG 7 &4
2+A9] self-sensitized A/del 7113t A dX]
st ot

a2} g2 $Fol ascorbic acidE 0.025~0.1%
H7kske] 1077 B9 FZRAMA riboflavin®] FEke
FA7be vjste 24zt 55, 173, 25.5% AL
Bk ¥E 0.025%9] ascorbic acid H7F¢ek T3

2.5
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Fig. 4. Effects of ascorbic acid on the content of ribo-
flavin in skim milk during fluorescent light illumination
at 7+2°C. Mean values within the same storage times
with different italic letters were significantly different

(p<0.05).

7F7¢] riboflavin FH Folxbs AAERA Aske
W(p>0.05), 0.05%°1’32] ascorbic acid® H7Hst 7
ol FH7FolA9) riboflavin kel f-9J3}
7} AP HUTHp<0.05). ol FABEE, ascor-
bic acid®] H71#e) 0.05% T L o3d W ribo-
flavin®] HFHE ZHAAAE & F AU
Ascorbic acid7t 1 Well 93 WHEH= A5
AAE AARER] Eels] 3 dFEE 4AA
A2 df]l d#HA sodium azideE €A $-Fol
5.68 mM #7138t FFAMZE 9 riboflavin®] TF
W3S F39 ascorbic acid H7l79t ¥lZF A&
Fig. 59 7t} Ascorbic acid FH7FtE B2A} Al
7ol ZF71Ee] we} riboflavin®] T A E) 7
2819 0} ascorbic acid H7HrE 1047 < #
ZAMFHE 9 riboflavin®] HS 1.00mg/LE F
H7HFET 372% AABIAAL sodium azideE 5.68
mM  H7st 10817 B BRAAFEE o
riboflavin®] %2 1.01 mg/LE ascorbic acid 7}
TFHT} eF7F AAlFo] 7151921 Duncan’s multiple
range test®] Z3}, ascorbic acid H7FF9 sodium
azide 7 felxbke AREA] 9481tHp>0.05).
Bodannes®} Chan(1979)& ascorbic acid®] 938}
Akhole] wheEwE sodium azide®] YAk &
% &£xel A9 fARithe i v &
ascorbic acidv sodium azide®} 7 YFIiEA &

—&— Control
—#— 5.68 mM Ascorbic Acid
—a— 5.68 mM Sodium Azide

1.80

o
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Fig. 5. Effects of 5.68 mM ascorbic acid and 5.68 mM
sodium azide on the content of riboflavin in skim milk
during fluorescent light illumination at 7+2°C. Mean
values within the same storage times with different italic
letters were significantly different (p<0.05).
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Aol EE AT F 3o

A ascorbic acidOl| 2|8 Ao Bis}
HRA-/E FZANZE W ascorbic acidol 2]
A Wsl= Table 13 Pl €X9-fo FRAE
of we} L(lightness)k-= 10417} FRALE 65.5290
Al 63.8028 Zrastel {71 BEAb) osf 7t
oAl W3lE AT Tobast Adachi(1980)y= FZA}
of ojal R tryptophan®} tyrosine®] 4t3}e} 2|
A AdEo] g folM Mol Wyt Yojdte
Aol vl AHgolAdry. E£F -a(greenness)St
b(yellowness)] Atz FZAF AJZhe] F7lel u}
gl ztol #Aa3HT F 10A7F FRAMA -a
(greennessye= —2.44914 —1.0622, b(yellowness)e
3.0391A L3022 Ha Zastad. aEv BA$
frell ascorbic acidE H7VmEHN Axo] W3S
AA B9 AA A3 ascorbic acide] FEo 7]

Qig}. 2™, ascorbic acid A7} A7) #
9217t A F A THp<0.05)

Ascorbic acid®] dFELAE AARE EQlslr] 9
Bl dFgikh AAAE YElR] sodium azideE
A -froll 5.68 mMe] HEE 3viste] FAMA
A& o Mxe WslE F9 ascorbic acid H7t
o} ¥ E A Table 29} 2} L(Lightness)ate
photo-antioxidant®] 7} -7l #Aglel 1047 &
ot Ae] W37} QAT —a(greenness)?t blyellow-
ness)?] AW A7) Fbol| wet ghol ZHAs)
Actk. 28 ascorbic acid HIFFS AY -a
(greenness)= 252914 -1.72E, b(yellowness)<
320AM 1LTIR o}F MAE it =E
sodium azide H7¢9] AL ME —a(greenness)=
-2.55°14 —1.842, b(yellownessye 3.45901A4 1.832
# ascorbic acid A7t} v Z M A8 T
&ttt Duncan’s multiple range test®] A3,

Table 1. Effects of ascorbic acid on the color parameters in skim milk during 10 hr fluorescent light illumination at 7+2°C

Light Storage Time (hour)

Color Property Ascorbic acid (%) 5 > 5 )
0 65.52° 65.44° 64.30° 63.80°
) 0.025 6547 65.07° 64.89" 65.17°
Lightness (L) 0.05 65.05° 64.58° 65.46° 6437
0.1 66.01° 64.96° 65.35" 65.39°
0 244" -2.10* ~1.53° -1.06"
0.025 —2.44° 211 —1.80° —1.46°
Greenness (-a) 0.05 -2.30° ~1.96° ~1.84° ~161°
0.1 -2.36° -2.12° -1.88" -1.68"°
0 3.03° 2.44° 1.76° 1.30°
0.025 3.10° 247" 1.72° 1.31°
Yellowness (+b) 0.05 2.95¢ 236 1.99" 143"
0.1 301 252 2.08° 1.71°

Mean values within each column with different italic letters were significantly different (p<0.05).

Table 2. Effects of 5.68 mM ascorbic acid and sodium azide on the color parameters in skim milk during 10 hr

fluorescent light illumination at 7+2°C

Color Property Photo-antioxidant 5 L’ghz‘ Storage Time (15‘0“” o

, Control 66.51° 66.94° 66.75° 66.26°
L‘g(}}f‘)‘ess Ascorbic acid 5.68 mM 67.67" 67.04" 66.41° 67.74°
Sodium azide 5.68 mM 67.24° 67.41° 67.58" 67.56°

Control ~2.47" -2.14 -1.61° —0.83"

Creeness Ascorbic acid 5.68 mM 252" 2.4 -1.98" 172"
Sodium azide 5.68 mM ~2.55 221 213 -1.84°

Control 334° 2.73° 2.12° 1.40°

Y"“{’X)')“’SS Ascorbic acid 5.68 mM 332° 285" 227" 171
Sodium azide 5.68 mM 345° 295" 2,53 183

Mean values within each column with different italic letters were significantly different (p<0.05).
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ascorbic acid®} sodium azidet -a(greenness)t A1
2 fex7F AR EHA] A5 (p>0.05), b(yellowness)
© sodium azide?t T WA EI7F ot Fe A
02 YePO U (p<0.05) A $-Rol419] riboflavin
g=F el g Mx 58 s 8 ) ascorbic acid
£ sodium azide®} H]&¥H AAEE FWIA &
A #Eg sl Ao R AEEH

- £

Ascorbic acidE BA-froll A7iste] F2ARSHY
S o FAof os WA= dFYAE ascorbic
acid’7t &Ask=R] #R1817] Y8} retinyl palmitate
9] o143} HE, riboflavin®] ¥ Ws} L M
3} 52 &Hsdn. Ex9-Fo) retinyl palmitateS
8lA 7] ascorbic acid F-H7Hel FRAM] all-
trans-retinyl palmitate®}  13-cis-retinyl palmitate 2|
FFe FRARZI] F7VEE HAL s
9-cis-retinyl palmitate®] T F713le BHFIAU
3, ascorbic acid A7} all-trans-retinyl palmi-
tate®} 13-cis-retinyl palmitate®] AF8}E A JA|3}
o szt AA JeRgTh B3 ascorbic acides
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