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AEBENEH NS FES AR HTURINEE (L-ascorbic acid, C1) REFTEY) - HBEREEET
HIMEE (L-ascorbyl-2-monophosphate-Mg, C2MP-Mg) EFiBEHEPTIHIIMEE (L-ascorbyl-2-
sulfate, C2S) > FERRI IR LT ROGBE A L EMELUARAEKHEIFLLE - G iNA Ci
C2MP-Mg K C2S 4% 2000 mg/kg diet » 53BI#E 25 ~ 35 ~ 50 ~ 75 K 100°C g5 E K5y
ERTEE 7.87% B C2MP-Mg K C2S frElRih iy Egsit C1 (P<0.05): i H4E
50°C (55 min) + 75°C (32 min) B 100°C (19 min) = TEEAVETE H C1 « C2MP-Mg
C2S 2 iR RS 25°C (660 min) 2% 35°C (330 min) FREMRZ fF} - [himsy C1 -
C2MP-Mg B C2S 2 BRHEAR RIRTRMRIE TR 8 s AT © TR (-20°C)> (Kl
B @eO>EE (25°0) TELRASER (25°0) B REEH R « 72 25°C (ENRREAE
Seassy) B/ UBZ % 0 C2MP-Mg & C2S BYIBRIRITHIE 89.66% K 90.20% » [ C1
AR R A R C SN - Bk CT - C2MP-Mg R C2S 7E 20 ppt {B7KHRGHR
KRGS KR RIS RGN - BEERER 0 C2MP-Mg K C2S FrEaptizim Ty

FECEIE TP E PEEE Y C
B HEE Z 2R (P>0.05) -

R EUR - JURIER > e

MR C BB LEERED - KSEAIKE
B BIERROE - BMEAEE C RIBRZIIEEBUR
o {HER b TEKE SR FRMEA R C RIFEYIE
g% (L-ascorbic acid, C1){HEHBHKREE/KEM M A
BETLEN  RERA SR ELEE LT }ﬁﬁﬁ
R 45 B A0 T AN V8 4 o2 L BE --Diketogulonic acid®
10) o Shiau B Hsu'D) 330 » fE2=8 (25°C) THUE
ERETRIAEES 0 C1 BT 75% -

R - SEEE K - HFEEFE RS TS LRy EE
B » B PTRINER /SR ER BN E RIS i+ LAY
fFEEY L I E A2 5 F AR TE BT M B 1T £ )
U213, Fif - FEESREFUIZIMES (L-ascorbyl-2-sulfate,
C2s) - B o BR B¢ JU OB I BR
monophosphate-Mg, C2MP-Mg) L Kt 25 i B HE f 158
1% (L-ascorbyl-2-polyphosphate, C2PP) » FHIAH.%
TE MERE PEAR AT 2 ST M ER  (L-ascorbic

FREF L, FEPHIC 1997 B EA o PUIR I B K AT AE MR E
R JKEERATE, 5(1): 81-88.

(L-ascorbyl-2-

» gLy C1

+ C2MP-Mg K C2S 7£ 20 ppt kY

acid, CHUL14 s [FHg > $His (14,15« Em(7) 1 e
faOMBAEMAE C SN - RiMELETURIMBENT
A PSR R 2 DUBINES - FKERB TR E
HARIMLARTEEL RS - AEEC HAY - HIERET C1
C2MP-Mg K C2S Tr il fafl TR MR BT ] .
ZEM  DURIRIETE 20 ppt /KHZIfAR -

MEERTTE
— ~ BRI

REE o EEBERAHE (Table 1) » {f&#F Shiau &
Hsul VTR H - ZEEHBERFES AL RIBED
(Casein, Sigma Chemical, St. Louis, MO. USA) » &£H
BRI 45.7% ¢ HEAE B ARKIE Shiau H
Hsu' R oD (TaME®R O 8
2.7%  EYBEEEES 8.6% ; IEERRIFBEE A
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Table 1. Composition of the experimental diet
for Penaeus monodon.

Ingredients Percent dry weight
Casein' 45.7
Dextrin 20.0
Amino acid mix? 3.0
Glucosamine-HCl 0.8
Sodium citrate 0.3
Sodium succinate 0.3
Sodium hexametaphosphate 1.0
c™mc? 2.5
Cholesterol 0.5
Fish oil 5.0
Mineral mix* 8.6
Vitamin mix® 2.7
Alpha-Cellulose 9.6

Vitamin-free, protein content 85.32%

wooN =

Amino acid mix: according to Shiau and Jan (1992)
" CMC: carboxymethylcellulose

Mineral mix: according to Shiau and Chou (1991)
Vitamin mix: according to Shiau and Hsu (1993)

[E N

T BRI IR R T

ELERETR A BIFSIPUEINEE (L-ascorbic acid, C1,
100% vitamin C activity, Merck Co., Germany) - B
% % DU M0 A%
C2MP-Mg, 46.46% vitamin C activity, Showa Denko
K. K., Japan) DL K i FR RE H 2 M B (L-ascorbyl-2-
sulfate, 48% vitamin Cactivity, C2S, Pfizer Inc., New
York, NY, USA) £ 2000 mg/kg diet » BoMEEHES -
BEETRHITZKAT 50% » #E#RI BRI IR 2 R A - FREL
AT 5 #H » S9REES 100 2235 » OBI4E 25 ~ 35 -
50 -~ 75 K 100°C Z THzME (FHkpEE -
7.87%) -

BRIz ERIR - SAHEIRITTI 5 A% JAA 100 ml
Z 5% {mBiEE (Metaphosphoric acid) 43B)ZEHYL 5
43$% (Shaker model SA-31, Yamato Scientific Co.,

(L-ascorbyl-2-monophosphate-Mg,

Ltd., Tokyo, Japan) ZFY 3000 x g = 853 THEE(» 10
5748 (IEC HN-S Centrifuge, International Equipment
Co., USA) » BRI 1% > EEWLL 0.45 pm 238
I8 (Gelman, Acrodisc LC 13, PVDF, USA) #&78 » 44
®AN 10 w2 WEROE A AR S R AR E AT R
(HPLC) -

= BRI TR H AT E oK R

ERELRR AR BN CT ~ C2MP-Mg K C2S &
2000 mg/kg diet - #REEZE - SRIIMAKS
50% » FFE/TRE WA - BRHERAN % - FEIRR
FEHP LA 50 °CRzBE (FHKSG SR © 7.35%) < faFh 5
NTIERHE ST > # A 300 m/ 2 20 ppt K
o SRNEE 3 - 5 K 7 54 o B - ATt E
BHEARREERFE T C1 ~ C2MP-Mg k¢ C25
HITRANETY « & 5B R Z EPRIA 100 ml . Z 5%
{RBiEE  (Metaphosphoric acid) 435IZEEY 5 4388 - if
#3000 x g 8B T 10 5988 - RFETRHEE MR
LIEWREL 0.45 um (2 JEIEGEEE » IREY 10 w/ B
FEA HPLC -

VY. [T SR BT I R AT
EVE

KO R BRI RSB ELEE AR (P& &
7.35%) S>RIUAHE - AE 100 A5 43R 25°C
(B ~ 25°C (RFEMREE) - 4°C K -20°C &
TFHP 8 8 - MiRIFE T ~ 3~ 5 R 8 ENK - HlE
gl C1 ~ C2MP-Mg K C2S 7EREHFIRE T
CTEEHE -

71~ B R BT TR LR T

(—) FHEEBEREAEENTR TR

1. FH4E8E ¢ Waters model 510 pump

2. J@HTE&HE © Shodex ODS-pak, F411A

3. #plZE ¢ Waters associate model 441, UV 254

nm
4. FEOEBENSEEE ¢ Shiunn Hwa Co. Ltd., Taiwan,
ROC
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(Z) BRI AR EAT R AT B

1. JBAE © 0.05 M KH,PO,; 0.7 m/ H,PO,, pH 2.8
2. Y 1 1.0 ml/min
3. EARBE 10w
4. BVERE ¢ 25°C
5. B¥REES] 1000 psi

N BT

BB DS RBOHT (Ananlysis of variance) g
HERHCHZEHER A EREBLEE R S#
B HEE (Duncan’s new multiple range test)! 7/ —

BOHT - BIEMETHTEILL SAS EEMBEHEITHHT -

8

— - B R RN
R AR DA RO 20T - ¥ C1 ~ C2MP-Mg

K C2S ZFEVEZ %% il Table 2 - /£ C1 5l » &
EHRETRILL 25 K 35°C 2 THzIR R (FIkIr 28R

Table 2.

7.87%) > C1 IHK A B E = B BRI 15.84%
B 14.58% = [MFE 50 ~ 75 K 100°C MRS T oz

®RETE - H C1 S ESHIR 2564 - 2462 &
24.50% ° PLASSREET > FMRETRIAE 50 ~ 75 K 100°C

LT RRzER R (B 100 QSRR 55 -
32 K 19 34%) - {HEaRIE C1 FRIEENE 25 &
35°C Z MEKM (100 AFSEIF 11 K 5.5 /h
) Rl s BiRER - WECHMBEFEEFZEZR
(P<0.05)-7F C2MP-Mg i BEWEEaHI7E 25 ~ 35 -
50 ~ 75 K 100°C 2 PRz - HEuiFe C1
¥ LA50 ~ 75 K 100°C 27 Tz ke ELiieaR) - &
C2MP-Mg MY E (53515 82.54 83.58 K
83.91%) MEEE SN 25 K 35°C (4rHiEs 77.95,
77.66%) #rkuE o 4 C2S JiiE  fRIAE 25 - 35 -
50 ~ 75 K& 100°C 7 FRZERRF - Hyn Rz ST
FAC1 K C2MP-Mg - B0 BIRIAE 50 ~ 75 B 100°C
ZFREERE - C2S TS HIS 81.06 « 8217
K 82.85% HHABAEATE 25 R 35°C (GEEHHES A
B 77.43 R 76.19%) & TR BRL - ot » BEHET
FHEZRTE 25 ~ 35 ~ 50 ~ 75 8 100°C Tz - H
C2MP-Mg R C25 HTEHEHE =N C1 -

Retention (mg/kg diet) of C1, C2MP-Mg and C2S after drying at different temperature'-.

Drying temperature (°C)

Vitamers of Supplementation

ascorbate (mg/kg diet) 25 (660 min) 35 (330 min) 50 (55 min) 75 (32 min) 100 (19 min)
C1 2000 316.89+31.27™  291.59+17.36™  512.86x21.99" 492.33x16.77" 489.92+20.23%
C2MP-Mg 2000 1558.92+21.62" 1553.21+29.73" 1650.76+42.48" 1671.56+39.12" 1678.16+44.30"
C2S 2000 1548.62£25.12" 1523.79+31.10" 1621.17£37.19% 1643.41£37.02" 1657.08+28.13"

"The final average moisture in diet was 7.87%.

* Data are expressed as meanzSD (n=3). *Significant (P<0.05) differences among ascorbate sources within

drying temperature; “significant (P<0.05) differences between various drying temperature within ascorbate

source.

= SRR R AT K 2

BRETRHE 20 ppt ke 3RIRE O ~ 3~ 5 K
7 SYeEREE 0 H C1 + C2MP-Mg K C2S Zifisk AN

Table3 - C1 - C2MP-Mg K C2S TEEGRIRAIRII
95 2000 mg/kg diet » £ 50°C TEZERIR (497K
SEER 735%)  HBEEESHIE 512.86

1650.76 & 1621.17 mg/kg diet - HAEEEIRNZKZ
Al (0 388) WIS E - FEIRITE 20 ppt A RE
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305 K7 sreERF - C1 RYEEREES IS 375.60 -
281.42 ~ 208.25 mgkg diet » FAkEE 26.81

4515 F 59.41% ; C2MP-Mg I3 &5 B 5
1222.97 » 953.72 K 706.60 mg/kg diet + FARE
25.88 - 4220 K 57.17%; C2S WIEHESBIS
1206.23 ~ 941.98 } 683.12 mg/kg diet » F2k s>

Table 3.

BB 25.62 ~ 41.87 F% 57.82% - ILASREET - C1
C2MP-Mg J C2S 7F 20 ppt 17K HR BTRFAG IR K5
g R EmEn - ERE3 - S R4
glly - HyTAREHEZE 8 (P<0.05) : MfER—
FEMRERN B2l AR MEEEER
(P>0.05) »

Percent decrease of ascorbate in shrimp diets after being immersed in

20 ppt sea water at different periods'?

Immersion time (min)

Vitamers of Supplementation 3 5 7

ascorbate (mg/kg diet) Decrease (%) Decrease (%) Decrease (%)
1 2000 26.814£1.87* 45.15+2.72° 59.41£2.70¢
C2MP-Mg 2000 25.88+3.23" 42.20+3.31° 57.17+3.36°
C2s 2000 25.62+3.20°  41.87+1.86" 57.82+2.59¢

' The diet was dried at 50 °C and the final average moisture in diet was 7.35%. The
concentrations of C1, C2ZMP-Mg and C2S in diet befqre storage to represent O min.

‘Data are expressed as mean£SD (n=3). Values in a row with different superscripts are

significantly different (P<0.05).

= AR A TR T TR K LT
LY

EIREPRHETRRATRIR(FZ T > C1 ~ C2MP-Mg
ke C2S WIZEMARIPES © mEire (-20°C) - (KRl
g (4°0) ~ iR (25°0) BT MEREERE
I (25°C0) FLUBLRETRNC B - 2RI HERR{ErS
SRR ECER S T > C1 ~ C2MP-Mg ke C25 7
B} PSR R R R R VA e (Table
4)- £ C1 J7H » BPEHA 25°C (B RERELES) &
THFE - S RIGERS - HE R RIGEERHE > Wil
Jk RS/ G o Bt EIHAE AR C TG - BTt
1E 4 }-20°C FRHEE— » ZRIERF - B C1
TERREIE SN 25°C T (RENEECREOITRZ
BiEL  EAE 4 BL -20°C & FHPRCEEE R - AR
Hr Cl BOZR R R MR 22 5 T TREE 2R /s
PERTR C1ET R R BE RN T 2R = )
Bt e tEA o BIRE-20 °C 22 TRYRCESE /Ul - C1 i
FERHREESINE 4 °C Z PTG Bk -

£ C2MP-Mg J5ifil » BRHE 25°C (BXtdde) Ty
o TEZEZ P Bk R C2MP-Mg 1R R SR R R
FATE 25 °C (R ~ 4 B -20°C THyaknYed
£ BIRHE 4 R -20°C THPBRS AR/ GERS -
BpRi C2MP-Mg 2 IRBERIGEFE EHE 25 °C (B
LSBT Ry ETRL - AT EETR T HIE 25°C (B
EEAENLRES) ~ 4 BL -20°C 2 TEFREEEEE
HERF  H C2MP-Mg & BB SR B KPR 50—
B A Bk -

f£ C2S J7TH » BRHE 25°C (BHEA BN
R 4 °C PR =N > B C25 BRI
AR MEPEHE 25°C (B5E4RE) THFRIER
R - H C2S ROTERREIE(NRNE -20°C RS
kL - DR 4 o0 -20°C 2T AR AECR
JGHERE - H C2S BPRBREEJE 25°C (B
AENLHE) L TR Bk - (R MEmETHE 25
°C (FEXEAENLRED) » 430 -20°C . THFRAEER/\
EF o C2S HRRERABRA ENITRES — - =
oE TR 2 R -
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Table 4.  Percent decrease of C1, C2MP-Mg or C2S sampled after varying time intervals'-
Vitamers Storage Storage temperature (°C)
periods (wk) 25 (clear bag) 25 (black bag) 4 -20
C1 1 83.21+4.52% §9.25+0.78" 96.12£0.59"  97.32+1.61"
3 56.39+3.38%  60.87+5.01% 90.59£4.93"*  92.63+3.61""
5 30.94+4.86™ 32.48£3.73™ 81.37+1.69"  88.4145.96"
8 ND* ND'’ 70.75£3.03™  83.02+1.78™
C2MP-Mg 1 97.85+0.78"  99.21+0.51™ 99.49+0.38"  99.37+0.43"
3 95.27+1.51%  98.42+0.73" 98.47£0.69”  98.960.74"
5 92.69+3.85™  95.63+1.65™ 98.09£0.76™  98.39+1.02"Y
8 88.70+3.43%t 3.67°™490.61 95.18+1.87™  95.84+2.74™
C2S 1 98.2540.76~ 98.77+0.46™" 99.07+0.37*  99.35+0.49"
3 95.79+1.53%  97.68+1.21*" 98.74+0.95%  98.64+1.23"
5 93.8642.06% 95.36%1.57% 97.75+1.43"  98.24%0.89"
8 89.8042.37™  90.60%+1.89™ 94.57+2.15"  94.78+1.78™

" The diet was dried at 50 °C and the final average moisture was 7.35%.

* Values are expressed as meansymbol +SD (n=3). *Significant (P<0.05) differences
between various storage temperatures at same time within ascorbate source;
»significant (P<0.05) differences between the storage periods within ascorbate
source.

* ND: not detected.

7 25 K 35°C Z TFHsse Wi (11 K 5.5 /)

Sl

WS RN o BRI M BT Y) - C2MP-
Mg K. C2S » TERTRHIN T R ETHEGERES - HZEs
PrEfE EMEBMEAE R C2kiFe C1 - TR AKZIiAR
JiTE, EERy C1 o~ C2MP-Mg K C2S 1 20 ppt 1
KR 2R FE e R K ] o B R TE 0 - i H =
HZERIRA RN s AR -

K EE B R ERZ B TR B iE - H U ImERR
BH TSk - HIFeE s - FPRHER B IN T RAEERF
‘EHARE (Short-term storage) W > PLEEMIEE (C1) &
1H% 80 % 100% 8,10,18-20) »  geor(RimBRig A
AT RF - T BTSN T E
MERRFMEZREME » ERHE EZI%BDI&ET?@E@
R g Ze R AR IR R E IR MRk R
TEMAEERE® - Apfgeth o EEk (100 g) #EM
EBRMEK G EE 7.87% B> £ 50 ~ 75 & 100°C
HE RS THZERFTRRRORERT (55 ~ 32 R 19 43 4#) FRt

) o PLASEREAR 0 fE 25 R 35°C 2 Nz B

H O

-~ C2MP-Mg K C2S $8H&{RNTE 50 -
K 100°C 2 Nz artgdft (Table 2)

75

o BrandtZ A (14

faH > RRPERZ G BERII T A
FORIRE - RIS - B R s TS PR RE - DU
w7 N LR B G Al i S R A BB AR 2 AR
7 DUGHEETRLZ S0 -

{EERHTR T - Ry C
C2S FERAIRIRTREARIE T /Hifcﬁ!iu%\«iﬁﬁﬁ
20°0) e » HRRFF BRI TR (
(25°C) DARELREE 2 TR - ﬁﬁﬂ%%%%%?ﬁ

(25°C) LIE LRI

C2MP-Mg &

) K EIR

FETHRE B} - H CT fE=R

(25°C) TR ES /CEZ B E L L PEM MG
P o Sandnes i Utne@VEFZRHEH » /K EEEBRIA 20°C

& TIPS % 0 B P THUEIER (C1)
RFVEE - 1A 0 Herreid S ARG - LIE

s
i

PRI YU IR 5 Z FEARIR ST T IS - AHT
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SRS RN » EEURHE 4 B -20 °C ITiEE LB
JUBRE » gifieR C1 ~ C2MP-Mg 3 C2S By5ERER
MEEENESZR 25 °C) FLUB S SEaH &
Ko Kulikov234gH, » BakLAVEFEREY TRTHE » M
AT e g DR RS EE - [
Hardy@Ht fgHs - (KIR RAEHIEr B S 4.8
RO SA R i BBy T

T » Bauernfeind i Pinkert!293gH > L-
ascorbic acid oxidase @ {#{k, Ascorbic acid &L
i, Dehydro-ascorbic acid » b E&WRE S BEEL
JERA AT Diketogulonic acid » BHIL - F2FSETR}
s M EE TR AR N CE AR BaE » MERR
FIE KRB B2 » FEE (L-ascorbic acid oxidase)
ZVERIRER EAIRZRZ — » T C2S AiFE L-ascorbic
acid oxidase FJ37'E - RNEEFI C2MP-Mg K C2S
ZEEMNERER C1 o EERE C2MP-Mg 141713k
L-ascorbic acid oxidase By2&E -

EREZIGETTTES -SSR REARE 1. k-2 NI
Cl - C2MP-Mg K C2S ¥R kiEtEh&ami3
27) o Hilton ZGIHFeH IR MBS KIET - 3
BAPRHEI 7K 10 Phgs 1% HPUgmEE (C1) By
#310% = Yamamoto 2O - BaEHE K 5 4381k -
Hied R C (C1) MRAEREE 99% - KEEEF -
&4 Cl1 ~ C2MP-Mg K C2S ZEiRH% A 20 ppt #y
okdr - FERESIRIE = T [F AURE 2 PN TR &
HIbEE R KRRV Mg i - 1 e 300 %
HECEZA  -HRERM MENEERETEY
(C2MP-Mg K C28) 1E/KFHITRFIIET » # 27K A g
BAFRZRAMHEZ —  EhESRLEmEHIHR
RE o EREAFCOCE IR A BIRIRE - I B P AR
IR > DK EERIEISE -

il
BT S R D SR S ) R 5T
VBB - AT ISR RTS8 -

23R
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Stability of Ascorbic Acid and Its Derivatives in Shrimp Diets

Abstract

The experiment was conducted to investigate the stability of two of ascorbic acid derivatives, L-ascorbyl-2-
monophosphate-Mg (C2MP-Mg) and L-ascorbyl-2-sulfate (C2S), in shrimp diets during dry-processing, storage
and leaching. Regular L-ascorbic acid (C1) was also included for comparison. Laboratory-made purified shrimp
diets were supplemented with 2000 mg/kg diet of either C1, C2MP-Mg or C2S. After drying, the analyzed-
concentrations of C2MP-Mg and C2S were higher than C1 in the diet (P<0.05) irrespective of the dried
temperature (average moisture content of diet: 7.87%); and the concentrations of C1, C2MP-Mg or C2S were
significantly higher for diets dried at 50 °C (55 min), 75 °C (32 min) or 100 °C (19 min) than the diets dried at 25
°C (660 min) or 35 °C (330 min). The stability of C1, C2MP-Mg and C2S under different storage conditions was,
freezer (-20 °C)>refrigerator (4 °C)>room temperature (25 °C) in black bags>room temperature (25 °C) in clear
bags regardless of the ascorbic acid source. After 8-week storage at room temperature, the remaining C2MP-Mg
and C2S were about 89.66% and 90.20%, respectively, whereas, C1 could not be detected. The amount of
leaching from either C1, C2MP-Mg or C2S increased with increasing the immersion time. This study suggests
that C2MP-Mg and C2S were more stable than C1 in shrimp diet during processing and storage. However, the

stability of the three forms of ascorbic acids was similar when immersed in 20 ppt of sea water.
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